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CHEMICAL  AND  PHARMACEUTICAL  PROCESSES 

AND  PREPARATIONS. 


THOMAS  E.  JENKINS,  M.  D. 
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To  Hon.  R.  C.  McCoRMiCK, 

Commissioner' General : 

Sir:  I  have  the  honor  to  send  yoa  herewith  the  report  of  Dr.  Thomas  E.  Jenkins, 
Commissioner  of  the  United  States  from  Kentacky  to  the  Paris  Exposition  of  1878,  ns 
member  of  the  International  Jury  of  Recompenses  in  the  Jury  of  Class  47. 

Daring  his  last  illness  Dr.  Jenkins  sent  for  me  and  x)l&ce<l  his  report  in  my  hands, 
with  the  request  that  I  revise  and  prepare  it  for  publication.  In  fulfilling  his  com- 
mission I  have  been  able  to  do  very  little  more  than  make  some  slight  changes  in 
nomenclature — suggested  by  him — and  arrange  the  sheets  in  the  proper  order. 

Very  respectfully, 

SAM.  G.  STEVENS. 


(Bxtract  ftom  the  Official  Claasifloatloii.] 
CIJ^SS  47.— CHEMICAL  AND  PHARMACEUTICAL  PRODUCTS. 

Acids,  alkalies,  salts  of  all  kinds.  Sea-salt  and  products  extracted  from  mother- 
water. 

Various  products  of  chemistry:  wax  and  fatty  substances;  soaps  and  candles;  raw 
materials  used  in  perfumery ;  resins,  tar,  and  the  products  derived  Irom  them ;  essences 
and  varnishes;  various  coating  substances;  blacking.  Objects  made  of  india-rubber 
and  gutta-percha ;  dyes  and  colors. 

Mineral  waters  and  natural  and  artificial  aerated  waters.  Raw  materials  used  in 
pharmacy.     Medicines,  simple  and  made  up. 

CLASS  53.— APPARATUS  USED  IN  CHEMISTRY,  PHARMACY,  AND  TANNING. 

Laboratory  utensils  and  apparatus. 

Apparatus  and  instruments  used  in  assays  for  industrial  and  commercial  purposes. 

Process  and  appliances  used  in  the  manufacture  of  chemicals,  forges,  and  candles. 

Processes  and  apparatus  used  in  the  manufacture  of  essences,  varnishes,  and  articles 
made  of  india-rubber  and  guttapercha. 

Processes  and  apparatus  used  in  gas  works. 

Processes  and  apparatus  used  in  bleaching. 

Processes  used  in  the  preparation  of  pharmaceutical  products. 

Processes  used  in  tan-yards  and  in  leather-dressing. 

Processes  and  apparatus  used  in  glass  works  and  in  china  and  earthenware  mann- 
i£ftctories. 


REPORT 


ON 


CHEMICAL  AND  PHARMACEUTICAL  PROCESSES  AND 

PREPARATIONS. 


INTRODUCTION. 

Seven  world's  fairs  have  been  held  since  the  Crystal  Pal-  Refer- 

ace  was  erected  in  Hyde  Park  in  1851,  at  intervals  of  two,  ^world's  Faira!" 
three,  four,  five,  and  seven  years,  which  have  progressively 
grown  in  extent,  comprehensiveness,  variety,  interest,  niag- 
DJlicence,  importance,  and  usefulness,  until  the  present  Ex-    The  Paris  Er 

1        '^  f  f  *^  position  unpreoe- 

position  at  Paris  opened  upon  the  world  with  its  unpre- "tntea  in  extent 

and  apiondor. 

cedented  exhibition  of  the  results  of  the  genius,  skill,  and 
iuduytry  of  all  peoples,  surpassing  all  its  predecessors  in 
magnitude  and  in  splendor,  and  serving  as  a  monument  to 
the  wisdom  and  taste  of  the  people  who  stand  first  among 
nations  in  the  material  industries  as  well  as  in  literature 
aud  art. 
The  frequency  of  these  peaceful  international  contests  for ,  s*»ort  interval 

*  •^  ^  between    exhibi- 

sapremacy  in  the  useful  arts  leaves  little  time  between  any  tiona  Hnjits  the 

/.,/.i  ./*  .  /.  ,.,  .        extent  of  novel- 

two  of  them  for  the  manifesUition  of  any  general  striking  tie*  preaented. 
progress  in  the  industrial  arts ;  still,  the  sharp  competition, 
especially  between  the  ditt'ereut  European  countries,  result- 
ing from  the  desperate  struggle  for  existence  during  the 
few  years  just  passed,  like  necessity,  has  compelled  a  prog- . 
ress  which  is  apparent  even  to  the  casual  observer  as  he    i*rogrc»a  very 

>i  ,     ^,  ^         ^t      A'  ,.      «  1  T^      .       ..  .    apparent    never- 

runs  through  the  vast  collections  displayed  at  Pans  thistheieaa. 
year.    Products  are  here  seen  today  to  be  greatly  improved 
over  those  shown  at  the  last  Exposition  hehl  in  this  city, 
and  at  the  same  time  prices  in  most  instances  have  fallen 
to  a  surx)risingly  low  figure  in  the  case  of  many  of  the  arti-    ^"^*^JJ|^p^ 
cles  of  daily  and  general  use.    With  some  the  quality  has  «ndiMrovement 
been  improved  and  the  old  prices  sustained;  with  others 
the  quality  has  remained  stationary  while  the  prices  have 
gone  down ;  with  others  again  there  is  observed  an  improve- 
meut  in  quality  and  a  de)iression  in  prices ;  aud  a  few  are 
stationary  in  both  respects.      Speaking  of  the  materials 
which  are  to  be  comprehended  in  the  scope  of  this  report, 
it  is  to  be  remarked  that  the  greatest  improvement  in  the 
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fiirainished  price  prices,  IS  noticed  ill  tbe  case  of  tbe  newly  discovered  tinc- 

especiallyuoticc- '^      .,,  ,  ■%•■%/» 

able  iu  tinctorial  toFial  suDstances,  aiid  matters  derived  from  what  are  termed 


Iu  ^™iam^'^™ond  ^^^^^^^'"^  ^^  ^^^  prodiicts,  together  with  the  greatest  fall  in 

rlimiDishea  price 
especially  uoticc- 
ablo  iu  tinctorial 

utilization      ofwastc  pioducts  of  chcmical  manufactures.    All  this  seems 

waste  pro  uc  s.  ^  gijow  that  technical  chemistry  is  much  better  understood 

and  more  successftilly  practiced  to-day  than  formerly,  and 

foreshadows  the  rapid  progress  to  be  made  in  the  near  future 

in  the  industrial  arts,  through  the  guidance  of  this  marvell- 

chemiBtiy  the  Qus  scicncc.     Chcmistry  is  no  longer  the  occult  magic  of 

theVue sciences,  the  middle  agcs ;  it  is  the  most  luminous  of  the  true  sciences, 

and  is  destined  ere  long  as  the  means  of  elucidating  much 
if  not  all  the  obscure  phenomena  of  nature.  The  veil  which 
till  lately  was  carefully  thrown  around  all  chemical  processes, 
and  all  manufactures  involving  chemical  laws  and  reactions, 
is  rapidly  being  drawn  aside  and  disclosing  the  secrets  of  the 
few  for  the  benefit  of  the  many.  Practical  experiments  and 
discoveries  in  the  chemical  arts  are  being  described  and 
patented,  and  constantly  important  technical  memoirs  are 
read  before  the  scientific  societies  of  the  world.  This  is  real 
material  progress,  which  must  inevitably  exert  a  vast  influ- 
ence in  the  amelioration  of  the  condition  of  mankind. 
>ortVuce 'JS^Se  ^^  transmitting  this  report,  the  writer  feels  that  he  has 
subject  of  this  re- been  treating  a  subject  of  vast  extent  and  importance  in 

itself,  and  one  destined  to  exercise  an  influence  in  the  ma- 
terial destinies  of  our  nation  of  which  it  is  now  impossible 
to  form  an  adequate  idea ;  a  subject  which  deserves  and 
should  receive  much  more  attention  than  has  hitherto  been 
bestowed  upon  it.  In  view  of  its  magnitude,  the  multitudi- 
nous character  of  the  exhibits  relating  to  it  at  the  Exposi- 
tion, and  the  shortness  of  time  allotted  for  the  examination 
of  them,  he  feels  that  no  more  than  the  most  elementary 
and  superficial  survey  can  be  hoped  for. 
Exhibits  in  this     III  order  to  get  a  view  of  all  the  exhibits  in  Class  47  it 

class      scattered  o  , 

over  th^o^  \vhoto  ^as  ucccssary  to  visit  every  portion  of  the  immense  build 
ffTounds.  ing  known  as  the  Palais  du  Champ  de  Mars^  as  well  as  scores 

of  annexes  and  outbuildings  erected  by  the  several  repre- 
sented countries  in  different  parts  of  the  field  and  in  the 
inclosnre  of  the  Trocad4ro.  A  leisurely  walk  through  them 
all  required  the  whole  time  of  several  days,  and  to  make  a 
general  and  particular  examination  of  all  the  exhibits  de- 
manded the  attention  of  many  weeks ;  and  I  think  it  safe 
to  say  that  no  one  has  succeeded  in  seeing  them  all,  much 
Hopeless  to  Icss  lias  he  bccu  able  to  subject  them  to  a  close  or  critical 

make  on  exhaust-  ...  i       .     j  r/  ^i  /»  "j         j 

ive  report.         examination  and  study.     It  was,  therefore,  considered  an 

almost  hopeless  task  to  undertake  to  make  a  thorough  and 
exhaustive  report  on  all  matters  comprehended  in  the  classes 
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throngh  which  chemical  and  pharmaceutical  subjects  were 
scattered. 

CommissioDers  were  invested  with  no  power  or  ^'^thority  ^J^<^^^^^|°^^- 
by  which  they  could  command  facilities  for  obtaining  satis-  tory  information, 
factory  information  in  regard  to  statistics  and  processes  of 
manufacture,  and  consequently  they  had  to  rely  to  a  great 
extent,  for  the  most  valuable  portions  of  their  reports,  on 
t!he  gratuitous,  meager,  and  uncertain  statements  made  by 
exhibitors.    Members  of  the  jury,  however,  had  access  to ,,  The  oppprtuni- 

•^      *^ '  '  tiea  and  doty  of 

thenecesMary  facts  and  data  for  the  formation  of  a  useful  the  jury, 
report,  but  the  examinations  made  by  the  jury  were  made 
for  the  purpose  of  apportioning  awards,  rather  tban  for 
fraaiing  a  report,  and  their  visits  were  crowded  into  the 
shoit  space  of  six  weeks ;  consequently  their  work  was  too 
much  hurried  for  purposes  of  a  report.  During  the  fervent 
saminer  weather,  too,  members  iound  themselves  exhausted 
with  fatigue  before  they  could  begin  really  to  execute  their 
official  duties  in  anything  like  a  regular  and  systematic 
manner. 

The  International  Jury  of  Recompenses  of  the  Paris  Ex-  Composition  of 
position  of  1878  was  composed  of  750  (and  350  supplement- 
ary) members,  who  were  selected  on  account  of  special  fit- 
ness for  the  resi>ective  classes  to  which  they  were  assigned 
from  the  different  countries  represented  at  the  Exhibition, 
and  appointed  by  the  administration  of  the  great  fair  on 
the  recommendation  of  the  officials  of  the  various  coun- 
tries. 

The  jury  of  Class  47,  which  comprehended  chemical  and    xhe  jury   in 
pharmaceutical  preparations,  was  composed  as  follows:       S?iSuS»f"* 

Prof.  RoscoE,  l**.  B.  8 England  and  her  colonies. 

Thomas  E.  Jbkkins,  M.  D United  States. 

L.  Monrad-Krohn    Sweden  and  Norway. 

Prof.  A.  CossA  Italy. 

M.  Matcheco Austria  and  Hungary. 

Prof  F.  Beilstein Rnssia. 

Prof.  PiCARD  Switzerland. 

Prof.  P.  Dewilde Belgium. 

V.  JoERGKNSEN Denmark. 

M,  Torrks-Caicejdo,    Minister    Plenipoten- 

tiary  of  Salvador South  and  Central  America. 

Prof.  I?.  D.  SiLVA  ...    Portugal. 

M.  Serrurier  Holland  and  her  colonies. 

M.  Bertheix>t France. 

M.  Fourcajoe France. 

M.  L.  Chiius    France. 

M.  C.  Lauth     France. 

M.  Troost France. 

M.  ScHLCESiNG France. 

M.J.  FUAN9016 Franco. 
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Jury  incla8«47:  M.  Ferrand France. 

Chemical      Pro- ,,    ^  ,^ 

dncta.  M.  GuiBAL France. 

M.  Renard lYance. 

M.  Che VALiER-l^.scoT France. 

SUPPLEMENTARY  JURORS. 

M.  Ph.  de  Clermont France. 

M.  JuNGFLELSCU  France. 

M.  BoND^ France. 

M.  L.  Brun France.  • 

M.  GODEFROY  (expert) Austria. 

Thcnatnreami     The  work  of  the  lurv  was  arduous,  earnest,  and  gratui- 

tiona  of  the  jury  tous  J  but,  from  the  uature  and  ma^itude  of  the  Exhibition, 

it  was  of  necessity  rapid  and  superficial,  and  it  was  natural 

under  the  circumstances  to  hear  of  cases  of  under  and  over 

valuation  or  estimation  of  exhibits.    This  was  unavoidable. 

It  has  always  happened,  and  in  all  probability  always  will. 

The  reasons  are  numerous  and  obvious,  and  for  the  benefit 

of  future  exhibitors  at  world's  fairs  it  may  not  be  out  of 

place  to  mention  a  few  of  them. 

of^exhib?to«"to     Tli©  jury  was  expected  to  examine  every  article  in  the 

the  cb88.  and  the  displays  of  the  many  hundreds,  and  in  many  cases  of  thou- 

DUtuei-ou8      arti-         *       •/  "  1  v  ^ 

cien  in  each  ex-  sauds,  of  cxhibitors  m  a  class,  and  to  read  descriptive  cir- 
culars and  pamphlets  issued  in  connection  with  them. 
Afterwards  these  exhibits  had  to  be  subjected  to  a  general 
comparison,  and  each  one  assigned  its  proper  place  in  the 
order  of  merit;  and  to  do  all  this  six  weeks  only  were  al- 
lowed. A  few  figures  will  quickly  show  the  physical  im- 
possibility of  making  any  serious  examination  of  all  exhibits. 
Taking  a  class  in  which  two  thousand  exhibits  are  cata- 
logued, and  allowing  each  exhibit  to  contain  fifty  separate 
articles,*  would  give  one  hundred  thousand  articles  to  be 
examined ;  and  a  jury  working  four  hours  per  day  would  be 
required  to  examine  over  ten  articles  per  minute  in  order  to 
complete  the  list  in  the  space  of  six  weeks. 
Defective  label-     In  thc  ucxt  placc,  waut  of  facilities  for  rapid  jury  work 

or  ijrn(»ranc..  ofwas  frequently  encountered,  owing  to  defective  labeling, 

cuBtflNtlianHof  ex-  . ,  ,  .  /»  a.i_  >l     t  o         -lm  -^       • 

hibiu.  the  absence  or  ignorance  of  the  custodian  of  exhibits,  in- 

complete or  defective  descriptive  lists,  inaccessibility  of  ex- 
hibits, incorrect  classification  of  exhibits  in  the  oflBcial  cata- 
logues, misplacing  of  exhibits.f  Some  manufacturei*s  guarded 

*  Exhibits  of  chemical  and  pharmaceutical  preparations  averaged 
more  than  fifty  to  a  case ;  one  exhibit  from  the  United  States,  in  Class 
47,  contained  above  a  thousand  separate  articles. 

tOne  instance  is  known  where  the  exhibit  was  regularly  catalogncd 
in  Class  47,  but  was  not  found  until  the  jury  had  finished  its  labors, 
when  it  was  discovered  in  the  bands  of  an  exhibitor  of  steam-machin- 
ery in  Class  54,  who  was  using  the' article  for  the  purpose  of  lubricat- 
ing his  engine,  for  which  purpose,  he  stated,  it  was  well  adapted. 
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SO  jealoosly  their  processes  and  apparatus  that  no  adequate  ^^^l^^ 
idea  could  be  got  by  the  jury  upon  which  to  base  a  rational  procoweB. 
opinion  of  articles  exhibited.    In  many  instances  no  facili- 
ties for  a  close  and  critical  examination  of  the  articles  were 
accorded,  but  evasive  and  sometimes  misleading  replies 
were  given  to  the  questions  of  the  jurors.    In  many  in- 
stances no  statistics  of  manufactures  could  be  obtained,  and 
occasionally  when  given  they  were  found  to  be  unreasona- 
ble exaggerations,  unworthy  of  credit,  and  rendering  the 
exhibitor  liable  to  be  passed  without  recognition. 
The  following  is  a  tabular  statement  of  the  different    '^•^"Js  •*»*•- 

^  mcnt  of  the  ooirn- 

countries  which  were  represented  at  the  Paris  Exposition,  ,^^|JJ^5J2®"*** 
1878,  in  Group  V,  Class  47,  with  the  number  of  exhibitors 
from  each,  the  number  of  recompenses  awarded  to  each, 
and  the  prox>ortion  of  awards  to  the  number  of  exhibitors: 


Amtiia-Hnngary 

fidcium 

China 

Dramark -     

France  and  French  colonies,  indndingAlgeri* 

British  Empire 

HoUand  ana  colonies 

Italy 


Jainn 

Laxemboorg 

A orway 

Persia  

Portagal  and  colonies 

Russia 

Spain 

Sweden 

South  and  Central  America. 

Switsetland 

Tosis 

United  states 


6 


156 
63 
16 
16 

661 

117 
51 

123 

8 

8 

28 

1 

58 

61 

125 
18 
67 
31 
2 
42 


I 


o 


Tho  number  ot 
exhibitors  and  ot 
awards  in  the 
class. 


1,617 


83 

44 

2 

6 

480 

06 

25 

67 

4 

1 

13 

21 
43 
81 
12 
42 
20 


1,069 


68 

83 

12.6 

37.6 

86.6 

82. 

40. 

46.3 

50. 

38.8 

46.4 

36.2 
84.3 
64.8 
66.6 
73.7 
64.5 


08. 


70.4 


Whole  number  of  exhibitors 1 1,517 

Whole  number  of  awards 1, 069 

Proportion  of  awards  to  exhibitors  (per  cent. ) 70. 4 

The  significance  of  this  table  is  apparent  and  no  com-    si^mcance  of 
inent  is  necessary ;  but  it  may  be  worth  while  to  call  at-  table  obov©" 
tention  to  a  few  facts  relating  to  the  part  the  United  States 
took  in  this  world's  fair,  and  the  odds  with  which  her  ex- 
hibitors bad  to  contend  in  the  competition  for  recognition 
at  the  Exposition  of  Paris. 

In  the  first  place,  the  act  of  Congress  providing  for  an    Dimcuities  at 
appropriation  and  a  commission  to  attend  to  the  interests  wSon  ^ivom*  uio 
of  citizens  desiring  to  send  their  exhibits  abroad,  was  ^°'**^  ^^^• 
passed  at  so  late  a  day  that  adequate  time  was  not  afforded 
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teSSgthe^xht  ^^^  exhibitors  to  prepare  objects  suitable  for  display  before 
un&Stote8*^**^J^*^^®®  ^^  picked  men  from  all  parts  of  the  world;  and 

many  manufacturers,  some  of  whom  were  the  largest  and 

most  important  in  the  country,  were  deterred  from  sending 

gemMsoftii™^  ^^^^^  productions  at  all.    Again,  the  meagerness  of  the  ap- 

propriation.       propriatiou  was  out  of  all  proportion  to  the  importance  of 

an  enterprise  which  should  have  been  carried  out  on  the 
grandest  possible  and  on  the  most  magnificent  scale,  since 
the  prestige  gained  at  Philadelphia  was  to  be  maintained. 
Unfortunately,  the  United  States,  as  represented  in  Class 
47,  did  not  meet  the  expectations  of  Europe  at  Paris. 
Many  of  our  leading  and  most  extensive  manufacturers, 
who  figured  so  conspicuously  at  the  Centennial  Exhibition, 

Ameri^*'at^tho^^^  ^^^  ^®P^^®^^^^  ^^  *^®  Pails  Expositiou ;  the  grand 
"Centennial "not displays  of  chcmicals,  wMch  attracted  so  much  attention, 

maintameu       m        *^     •^  '  ' 

Paris.  excited  so  much  interest,  and  received  so  much  praise  at 

Philadelphia  in  1876,  were  absent  from  the  building  in  the 

Champ  de  Mars  in  1878. 

The  natnre  of     In  the  sccoud  placc,  it  should  not  be  forgotten  that  our 

thoi^ropJansci- couutrymen,  with  their  very  partial  show  in  Class  47,  had 

fwJturers!*^'"*""  to  contend  against  France,  the  mother  of  modern  chemistry ; 

England,  the  giant  producer  of  chemical  products;  and 
Belgium  and  Switzerland,  the  very  bee-hives  of  scientific 
industry.  Notwithstanding  aU  these  odds  against  us,  the 
tabulated  statement  above,  which  is  made  up  from  the  Offi- 
cial Catalogue  and  the  Official  List  of  Becompenses,  shows 
that  the  proportion  of  the  number  of  recompenses  awarded 
The  relative  to  the  Uuitcd  Statcs  lu  the  class  of  chemical  and  pharnia- 

percentage       of 

awards  to  United  ceutical  products  is  22  per  cent,  higher  than  the  average  of 

awards  in  the  same  class  to  all  countries  represented;  7.5 
per  cent,  higher  than  France;  11  per  cent,  higher  than 
England ;  10  per  cent,  higher  than  Belgium,  and  28.4  per 
cent,  higher  than  Switzerland. 

These  remarks  are  not  made  in  any  boastful  spirit,  but 
simply  as  a  matter  of  congratulation  to  the  intelligent  and 
industrious  citizens  of  our  country,  who  need  only  the  as- 
surance, which  is  best  given  in  a  great  international  contest 
like  the  one  just  past,  that  they  can  successfully  compete 
with  the  world,  to  stimulate  them  to  accomplish  that  sue 
Our  futoro  nc  cess.    It  is  Very  evident  that  what  is  most  needed  in  the 

eigS  market!  *^^'  ucar  futurc  is  a  foreign  market  for  our  surplus  products  of 

manufacture,  not  only  those  represented  in  Class  47,  but  in 
many  other  classes;  for  manufacturing  couutries  have,  or 
will,  shut  their  doors  against  American  goods,  as  France 
has  already  done  in  the  case  of  many  articles  manufactured 
on  this  side  of  the  Atlantic. 
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SULPHURIC   ACID.  SulphurU:  add. 

The  manufkcture  of  sulphuric  acid  has  increased  at  a 
mo8t  rapid  rate  duriug  late  years.  Furnishing  as  it  does 
the  most  reliable  index  of  the  growth  and  extent  of  the 
chemical  arts  in  general,  the  enormous  advance  made  in 
this  branch  affords  a  most  satisfa(;tory  indication  of  the 
present  condition  of  industrial  chemistry.  In  France  the  French produc 
production  of  sulphuric  acid  ha«  increased  from  90,000,000 
kilograms  in  1867  to  150,000,000  kQos  in  1877.  Two  years 
previous  the  total  European  production  was  estimated  by 
Diete  at  840,000,000  kilos,  distributed  as  foUows : 

KUoft. 

England 500,000,000  ^^^t^^j;^'^  J*™' 

Fmnce 150,000,000 

Germany 105,000,000 

Austria 40,000,000 

Belgium - 30,000,000 

Other  countries 15,000,000 

England  at  present  produces  over  16,000,000  kilos  weekly.  .lucUol?^"*"  ^^ 
fio8coe  puts  down  the  annual  production  at  850,000  tons. 
Angus  Smith  in  1877  estimated  the  amount  of  sulphur  re- 
quired for  the  sulphuric  acid  used  in  the  preparation  of 
artificial  fertilizers  at  100,000,000  kilos,  and  for  the  sul- 
phuric acid  used  in  soda  works  and  in  other  industries  at 
160,000,000  kilos;  the  total  equivalent  t<o  575,000,000  kilos 
of  pyrites. 

Sources  of  sulphurous  add.  soui-cea  of  sui- 

•^  "^  phuric  ftcld. 

The  chief  source  of  sulphurous  acid — sulphur — is  now        suiphur  iv- 
ahnost  entirely  replaced  by  iron  and  copper  pyrites.    The  Ey  p^jjliS)^'*"*^*' 
leading  exception  is  to  be  found  in  this  country,  where  the 
distance  of  pyrites  mines  Irom  manufacturing  centers  pre- 
vents competition  with  sulphur  derived  from  Sicily  or  the 
newly-discovered  deposits  in  the  Sierra  Nevada  and  the  ad- 
jacent region.    The  principal  sources  of  pyrites  in  Ruroi>e  pit^Tn  Ea?I  V 
are  Spain,  whose  annual  production  is  in  round  numbers 
440,000,000  kilos,  averaging  48  per  cent,  of  sulphur;  Great 
Britain,  59,000,000  kilos ;  France,  178,400,000  kilos,  contain- 
ing 46  per  cent,  of  sulphur ;  Portugal,  180,330,000  kilos  of  49 
percent.;  Norway, 71,060,000 kilos, of  40 percent.;  Belgium, 
45,000,000  kilos,  of  45  per  cent.;  Italy,  3,000,000  kilos,  of  48 
per  cent. ;  Prussia,  128,000,000  kilos,  of  42  per  cent.     Large 
deposits  of  a  very  pure  mineral  have  recently  been  discovered    Late  discover 
in  Lower  Styria  and  the  Satzkammergut,  in  the  Austrian  t^rLi    ^^^^  """* 
£nipire,  and  extensive  mines  have  lately  been  opened  in 
canton  Yalais,  in  Switzerland,  yielding  pyrites  containing 
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siUphurUi  (Kid.  35  per  cent  of  sulphur,  while  those  now  worked  in  Sweden 
furnish  a  mineral  whose  proportion  of  sulphur  is  41  per 

thiS*"^4te«**^*'^  cent.    Other  and  more  limited  sources  of  sulphurous  acid 

are  blende,  the  residues  from  the  wasting  of  galena,  mix- 
tures of  sulphate  of  zinc  and  zinc  blende,  the  sulphur  ob- 
tained by  Laming's  method  from  gas  works,  the  sulphu- 
reted  hydrogen  set  free  in  the  manufacture  of  ammonium 
sulphate,  and  conducted  into  the  pyrites  ovens,  and  the 
preparation  of  silicates  in  the  manufacture  of  glass  by  the 
fusion  of  sodium  sulphate  and  lime  with  coal  and  silica : 

2Na«S04+ C+ 2Si02=:2Na^Si03+  2SO51+  CO2. 

pure  ^BuiphSric     ^^^  ^^®  manufacture  of  pure  sulphuric  acid  it  is  stiQ 
^^^  nev3essary  in  most  cases  to  use  sulphur,  for  the  reason  that 

nearly  all  pyrites  contain  more  or  less  arsenic.  Sulphuric 
acid  of  this  country  is  made  from  sulphur  and  is  free  firom 
arsenical  contamination. 

Pyrites  burners. 


ceil. 


Pyrites  fhrno-  Pyritcs  fumacos  are  divided  into  two  classes,  according 
as  they  ai*e  intended  to  bum  lumps  of  the  ore  or  fine  frag- 
ments and  powder. 

Lump  imraere.  rpj^^  bumers  uscd  for  the  lumps  show  but  little  variety  of 
form,  and  no  notable  changes  have  been  introduced  of  late 
in  their  construction.    AU  unite  in  burning  the  pyrites  on 

Eu-iish.  fire-bars.  The  English  burners  consist  of  a  number  of 
small  kilns  separated  from  each  other  by  vaulted  compart- 
ments, each  being  filled  and  emptied  independently  0/  the 

French.  othcrs.    lu  the  French  bumers  the  most  noticeable  fe;iture 

is  the  rotary  fire-bars,  permitting  an  easy  gradual  removal 
of  the  lower  layers  of  spent  ore.    In  Belgian  bumers  the 

Belgian.  gratcs  are  immovable,  and  the  spent  ore  is  raked  out  with 
long  hooks  by  workmen  who  enter  a  roomy  passage  be- 

Gennan.  neath  the  ovens.  The  German  ovens  combine,  as  a  rule, 
the  essential  features  of  the  French  and  Belgian  furnaces. 
The  chief  points  of  a  good  furnace,  viz,  ease  and  rapidity 
of  charging,  ability  to  remove  the  residues  gradually  and 
without  loss  of  sulphurous  acid,  and  a  cdnsumption  of  the 
sulphur  ill  the  pyrites  so  complete  t  hat  not  more  than  3  per 
cent,  remain  in  the  spent  ore,  are  attained  in  nearly  all 

AnnQiarfuina-^Qj.mg  uscd.  The  introduction  of  annular  furuaces,  based 
on  much  the  same  principles  as  Hofman's  circular  kilns,  by 
De  Hemptinne  and  Bode,  is  the  only  noticeable  improve- 

r».MU  H  ovun.  ji^ent.  In  Bode's  oven,  which  has  not  yet  been  described 
in  detail,  although  in  satisfactory  operation  in  several  estab- 
lishments, the  amount  of  residual  sulphur  in  the  spent  ores 


oen. 
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is  not  above  one  per  cent.  The  pyrites  powder  or  "  smaHs,"  suipkwrie  acu. 
which  forms  an  important  fraction  of  the  ore  as  delivered  q^^.,  ov«n. 
from  the  mines,  has  presented  many  difficulties  to  the  man- 
ufacturer, most  of  which  are  now  saccessfolly  overcome. 
When  burned  with  the  lumps  in  the  usual  kilns,  the  fine 
powder  chokes  the  draft  to  such  an  extent  that  a  large  per- 
centage of  sulphur  remains  in  the  residual  ores.  In  order 
to  remedy  this  defect,  the  "smalls"  have,  especially  in 
England,  been  frequently  molded  into  balls  by  means  of 
water,  with  more  or  less  clay,  and  then  burnt  in  the  kilns 
for  lumps.  This  practice,  except  in  England,  is  a^n^^st  ^Sjpp^*«J^jc. 
entirely  supplanted  by  the  use  of  special  furnaces,  most  of 
which  aim  at  a  constant  movement  of  the  burning  mass, 
the  combustion  frequently  being  at  the  same  time  aided  by 
the  passage  of  the  hot  gases  issuing  from  the  ordinary 
kilns.  Grerstenhofer's  furnace,  introduced  in  1862,  has  been  f^^^^l^^^^* 
extensively  used  for  this  purpose,  chiefly  in  Germany.  In 
this  furnace  the  ores  are  admitted  into  a  shaft,  heated  at 
the  start,  in  which  triangular  prisms  of  fire-clay  are  so 
arranged  thatv  the  pyrites  slowly  descend  from  top  to  bot- 
tom, constantly  exposing  by  the  movement  fresh  surfaces 
for  combustion  to  the  entering  air.  The  advantages  of  this 
disposition  are  a  minimum  of  labor,  ability  to  bum  poor 
ores  without  fuel,  continuous  working,  and  a  yield  of  rich 
gases  for  the  vitriol  chambers.  Its  disadvantages  are  an 
incomplete  oxidation  of  the  sulphur,  and  the  presence  of 
such  quantities  of  flue-dust  in  the  gases  given  off  that  the 
acid  is  not  only  rendered  impure,  but  the  platinum  concen- 
trators are  rapidly  worn  down  by  the  movement  of  the 
sharp-edged  orystals  of  sulphate  of  iron  formed  in  the 
liquid.  These  drawbacks  have  caused  the  furnace  to  be 
superseded  by  other  forms  in  most  cases,  except  in  the 
treatment  of  very  poor  ores,  when  its  peculiar  structure 
enables  it  to  successfully  maintain  its  ground. 

Ferret's  Burner,  used  for  a  number  of  years  in  France,  Poiret's  burn- 
was  mounted  above  the  usual  oven  for  lumps,  and  consisted 
essentially  of  a  series  of  horizontal  plates  covered  with  a 
layer  of  '*  smalls,^  over  each  of  which  the  hot  gases  of  the 
furnace  below  were  forced  to  pass  on  their  way  to  the 
chambers.  The  sulphur  present  was  reduced  by  this  means 
to  5  per  cent.  More  recent  and  simplified  forms  of  this 
furnace  are  said  to  give  better  results. 

A  happy  modification  of  Ferret's  furnace  was  introduced  fic^ffou^)?"p?i* 
hy  M.  Maletra  a  few  years  ago  at  Rouen,  in  wliich  the  ores,  *^^  **  funioco, 
introduced  above  by  a  funnel,  are  forced  to  descend  through 
a  series  of  plates  by  being  pushed  from  one  plate  to  the  one 
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Sulphuric  acid,  next  lower.    After  the  furnace  has  been  heated  the  coin- 
Maietra'H  fur-  bustiou  is  maintained  without  fuel.     On  account  of  its  sim- 

u;ice.  plicity,  independence  of  the  lump  furnaces,  and  cheapness, 

the  use  of  this  furnace  has  spread  rapidly  and  it  has  taken 
a  lirm  foothold  in  Germany,  where  Bode,  Hofmann,  and  Kun- 
heim  have  greatly  perfected  its  construction.    By  its  means 

iTOc^Ss"^  °^**^^  the  amount  of  residual  sulphur  in  the  spent  ores  is  reduced 
to  IJ  per  cent,  in  France  and  Germany  and  1  per  cent,  in 
Switzerland,  and  lumps  possessing  a  diameter  of  not  over 
17  millimeters  can  easily  be  burnt  with  the  powder. 
na8enciever&  The  fumacc  iutroduccd  by  Hasenclever  &  Helbig  in 
18^0,  and  modified  in  18/6,  is  used  to  a  certain  extent  in 
Germany,  although  its  more  complicated  character  renders 
it  in  many  respects  less  efficient  than  the  Maletra  furnace. 
The  ores,  on  entering  it,  pursue  a  zigzag  course  through  five 
vertioBl  compartments,  separated  from  each  other  by  divis- 
ions consisting  of  a  succession  of  long,  narrow  plates 
placed  at  right  angles  to  each  other.  An  ingenious  but 
complicated  arrangement  for  warming  the  air  admitted  by 
the  heat  abstracted  from  the  products  of  combustion  jyer- 
mits  the  latter  to  be  maintained  without  external  aid,  and 
vastly  economizes  the  resultant  heat.  One  objection  to  the 
furnace  is  the  rapid  accumulation  of  tine  dust  in  the  tubes 
serving  for  the  exit  of  ihe  gases. 

waikerbarner.  The  Walker  BuiTier,  introduced  about  five  years  ago  iu 
Belgium,  is  designed  especially  for  burning  fragments  from 
1^  to  12  millimeters  in  diameter.  It  consists  of  nine  sepa- 
rate furnaces,  so  arranged  that  the  gases  pass  from  one 
through  the  other,  while  each  one  can  be  shut  out  or  the 
circuit  for  the  purpose  of  emptying  and  flllii^g.  The  grates 
consist  of  movable  fire- bars,  and  have  each  a  surface  of 
three  square  meters,  permitting  the  combustion  of  10,000  in 
24  hours.  The  layer  of  pyrites  is  not  more  than  15  centi- 
meters in  depth,  and  the  amount  of  sulphur  in  the  ore  is 
reduced  from  42  to  3J  per  cent.  The  gases  can  be  led  into 
a  plate  furnace  to  effect  the  combustion  of  "smalls.''  This 
system  is  thus  far  in  but  limited  use. 

spcncei'simiffle  Spcucer's  Mufflc  Fumacc  is  still  in  use  in  some  Ensrlish 
establishments  in  a  modified  form,  the  pyrites  being  pushed 
from  one  plate  to  another,  as  in  the  Maletra  apparatus.  It 
leaves  2^  per  cent,  of  sulphur  in  the  ores  treated  by  it. 
Rotary  fur-  Various  attempts  have  been  made  to  introduce  mechaui- 
cal  furnaces  for  the  combustion  of  pyrites.  Eevolving  fur- 
naces have  long  been  in  successful  operation  ior  the  expul- 
sion of  the  sulphur  contained  iu  ores  of  valuable  metals, 
but  as  yet  no  system  has  found  general  adoption  for  the 
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simple  production  of  Rulphurons  acid.    The  rotary  furnace  suiphurie  aeid. 
invented  by  Pen-et,  consisting:  of  a  cylinder  moving  a-bout  ^^^^^^'•"^**'*>' 
an  axis  slightly  inclined,  and  cansing  a  slow  descent  of  the 
pyrites  through  its  various  compartments,  has  not  been 
found  practical  in  the  application. 

The  mechanical  furnace  lately  introduced  by  M acDougall  ^t^y  ^a^f  ^  ** 
in  England,  and  now  in  operation  in  several  establishments, 
appears  to  give  better  satisfaction.  It  consists  of  an  iron 
cylinder,  lined  with  flre-bric'c,  and  divided  into  compart- 
ments by  a  number  of  horizontal  perforated  plates  ;  an  axle 
passing  through  the  center  is  provided  with  arms  sweeping 
over  the  surface  of  each  compartment ;  pyrites  powder,  en- 
tering from  above,  descends  more  or  less  rapidly  through 
the  cylinder  according  to  the  speed  imparted  to  the  axle. 
After  the  furnace  is  once  heated  a  blast  of  air  is  all  that  is 
needed  to  maintain  combusHon.  The  residual  sulphur  is  re- 
duced to  1  per  cent,  by  this  system,  at  an  expense  of  about 
tl  per  ton.  The  chief  disadvantage  in  the  working  of  Mac- 
Dougall's  furnace  is  the  enormous  amount  of  due-dust  in  the 
gases  which  issue  from  it.  The  attempts  made  to  free  them 
from  the  dust  by  passage  through  water  have  the  effect  of 
cooling  the  gases  to  a  temperature  too  low  for  satisfactory 
operation  in  a  Glover's  tower. 

Hasenclever  &  Helbig's  furnace  for  utilizing  the  sulphur 
in  zinc  blende  is,  with  some  slight  modification,  still  in  ex- 
tensive use. 

Utilization  of  the  residves  from  the  pyrites  burners,  utilisation   oi 

•^  •'  ■'^•'  residaps  from  tho 

•  pyrites  burners. 

Since  the  extensive  introduction  of  Spanish  and  Porta 
guese  pyrites  into  the  manufacture  of  sulphuric  acid  the 
extraction  of  the  copper  and  silver  remaining  in  the  residues 
has  become  an  important  factor  of  the  process,  especially  in 
England,  where  the  use  of  copper  pyrites  is  now  so  widely 
spread.  The^  residues  from  the  German  works  were  form- 
erly sent  directly  to  England  for  turther  treatment ;  now 
they  are  chiefly  submitted  to  the  first  stage  of  the  English 
process,  and  the  mixture  of  copper  and  the  precious  metals 
is  sent  to  England  for  their  final  separation. 

The  copper  pyrites  used  in  England  loses  about  30  per  cent.  cfp^Hf^tho*^ 
of  its  weight  in  heating,  and  the  residues  contain  0.0025- S^."~*^^^°s 
0.0037  per  cent,  of  silver,  and  0.000037  per  cent,  of  gold,  1.55 
per  cent,  of  copper  in  combination  with  sulphur,  and  2.17 
per  cent,  in  union  with  oxygen.    After  calcination  with  salt 
in  a  muffle  or  in  an  ordinary  furnace,  the  copper  is  precipi-  trfc'^S^  ^^  ** 
tated  from  the  solution  of  its  chlorides  with  metallic  iron. 
Experience  has  not  yet  shown  whether  spongy  iron  is  to  be 
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Sulphuric  acid,  preferred  to  scrap-iron  for  this  purpose.    With  very  care- 

Process  of  ox-  ^^^^y  constructcd  fumaccs,  the  former  seems  to  be  more  eco- 

Setoifif  residues  °^™'^^-    Gibb  &  Giltharp's  revolving  lurnace,  despite  its 

of  pyrites  biim-  expcnsive  construction,  is  still  regarded  as  the  most  efficient 

for  purposes  of  calcination.  The  method  for  separating 
thaip'^srevoivhlg  ^^^  copper,  iutroduccd  by  the  same  persons,  has  been  relin- 
tract^  copper^  Q^^i®^^*!  after  a  lengthy  trial  and  replaced  by  the  usual  treat 

ment  with  iron.  It  consisted  essentially  in  using  exactly 
enough  salt  to  effect  the  transportation  of  the  copper  into 
its  chlorides,  thus  forming  a  pure  sulphate  of  sodium,  and 
precipitation  of  the  copper  as  sulphide  from  its  solution  by 
means  of  sulphureted  hydrogen,  obtained  by  first  reducing 
the  sulphate  of  sodium  to  sulphide,  and  introducing  carbon 
dioxide  into  the  solution  of  the  latter,  the  soda  thus  formed 
being  naturally  utilized.  The  expense  of  evaporating  the 
enormous  amount  of  water  required  in  the  process  has 
caused  it  to  be  abandoned.  The  copper  solutions  are  now 
entirely  freed  from  arsenic  by  neutralization  with  lime,  which 
causes  a  precipitation  of  arsenite  of  iron. 
Extraction   of     The  cxtractiou  of  the  silver  in  the  spent  ores  is  now  pur- 

silver  from  spent  *  * 

ore.  sued  in  a  very  rational  manner.    Claudet's  method,  baaetl 

ciaudet'smoth- on  the  prccipitatiou  of  the  silver  as  iodide  from  the  solution 

Gibb's  process,  of  the  calciucd  orcs  with  iodide  of  potassium,  has  now  a  com- 
paratively limited  use,  being  supplanted  by  Gibb's  process, 
introduced  in  1875.  The  latter  is  based  on  the  fact  that 
when  sulphureted  hydrogen  is  introduced  into  the  solution 
of  a  cupric  salt  containing  small  quantities  of  silver  the 
greater  portion  of  the  latter  is  i>recipitated  with  the  first 
portion  of  the  sulphide  of  copper.  By  causing  a  partial 
precipitation  of  the  solution,  amounting  to  about  6  percent, 
of  the  copper  present,  a  precipitate  is  obtained  containing 
0.6  per  cent,  of  silver,  which  is  profitably  separated  from 
the  accompanying  copper,  lead,  and  other  compounds.  The 
sulphureted  hydrogen  used  in  this  process  is  obtained  from 
the  waste  products  of  soda  works. 
Use  of  spent     The  practicability  of  using  the  spent  ores  from  pyrites 

SSJS©r*°°*^"  furnaces  for  the  manufacture  of  iron  has  been  satisfactorily 

shown  in  a  number  of  manufacturing  centers.  The  residues 
ol  the  copper  pyrites,  after  having  undergone  the  treatment 
above  described,  are  found  to  be  well  adapted  for  reduction 
in  a  blast  furnace.  Especially  since  the  introduction  of 
Maletra's  furnace  the  percentage  of  sulphur  remaining  in 
ordinary  iron  pyrites  after  burning  is  so  small  that  the  resi- 
in  the  mana.  ducs  cau  bc  employed  to  good  effect  in  the  manufacture  of 

ft^owof  Beamy  3^^^^^^  metal.    This  is  notably  the  case  with  the  spent 
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ores  of  Westphalian  pjTites,  which  are  entirely  free  from  suiphurie  aetd. 
phosphorus  and  copper. 
The  entire  absence  of  arsenic  from  these  pyrites  shoald    vuiueuf  Wont- 

pbalinn  pyriteH. 

also  rentier  them  exceedingly  valuable  for  the  manufacture 

of  pure  sulphuric  acid.    The  use  of  the  residual  oxide  of  PiKments  from 

'^  -^  reHiduai  oxidu  ol 

iron  for  pigments  has  assumed  large  proportions  in  England  iron, 
and  Grermany.     Tcherniac's  newly  introduced  process  for 
the  manufacture  of  ferro-cyanide  (»f  potassium  by  synthesis 
iucludes  likewise  the  use  of  finely  divided  iron,  obtained  by 
the  reduction  of  the  pyrites  residues  with  coal. 
P.  W.  Hofmann  has  made  some  interesting  experiments  on    Hofmann   «x- 

perimeiits    witli 

the  residues  from  the  Meggen  pyrites,  which  are  used  by  a  Meggen  pyritM. 
Dumber  of  Glerman  establishments.  He  &ids  that  the  large 
percentage  of  sulphur  remaining  in  the  spent  ores  is  due  to 
t^e  presence  of  zinc,  with  which  it  is  united  in  the  form  of 
sulphate.  The  residues  are  exhausted  by  lixiviation,  and 
salt  is  added  to  the  concentrated  solution  of  sulphates  of 
iron  and  zinc  at  3(P  C.  Pure  sulphate  of  sodium  crystallizes 
out  on  cooling,  and  by  further  evaponition  the  solution  of 
chloride  of  zinc  is  freed  from  all  other  salts  present.  The 
residues  from  the  lixiviation  stift  contain  sulphur,  but  it  huB 
been  obser\  ed  that  those  portions  entirely  free  from  sulphur 
form  a  light  friable  mass,  which  with  a  sieve  can  be  easily 
separated  from  the  more  compact  fragments,  still  containing  <• 

more  or  less  sulphide,  and  be  utilized  in  the  blast  furnace. 

Vitriol  chambers.  ,  vitriol   chnm. 

bers. 

The  composition  of  the  gases  entering  the  lead  chambers 
has  been  the  subject  of  careful  experiment,  especially  with 
reference  to  the  presence  and  cause  of  the  vapors  of  sul- 
phuric  anhydride.  Lunge  has  shown  that  in  the  gases  re- 
sulting from  the  combination  of  Spanish  i)yrites  6  per  cent, 
of  the  sulphur  present  is  in  the  form  of  SO3.  If  these  gases  gu^^nric  "InhJ* 
are  conducted  over  a  layer  of  heated  oxide  of  iron,  the  per-  •i^"**^- 
ceotage  increases  to  18  per  cent. — a  result  tending  to  sup- 
port the  assumption  that  the  SO3  arises  from  the  oxidation 
in  the  furnace  of  the  SO2  at  the  expense  of  the  oxide  of  iron 
formed  from  the  partial  combustion. 

The  reactions  taking  place  in  the  lead  chambers  have  not 
been  the  subject  of  iuv^estigation  during  the  pastfew  years. 

Nitric  acid  is  now  generally  introduced  in  a  gaseous  state.  ^r^ucSi^^*^  m-^ 
The  method  prevalent  in  England  is  to  let  the  hot  gases  is-  «<>"«  ^onn. 
suing  from  the  biimers  pass  over  troughs  holding  from  12  to 
24  kilos  of  nitrate  of  soda  ]  sulphuric  acid  is  slowly  ad- 
mitted through  a  lead  funnel,  and  the  vapors  of  the  nitric 
acid  are  led  directly  into  the  lead  chambers,  or,  more  rarely. 
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sviphuru  acid,  accompany  the  snlphurous  acid  throagh  the  Glover's  tower. 
The  liquid  bisulphate  of  soda  remaining  in  the  troughs  is 
dra\Fn  off  through  a  tube  opening  in  its  lower  surface^  and 

Reactions  in    ,  ,       ..,  •      i     ^  o*        i  a 

tb(^  lead  cham- closed  With  a  couical  stopper.  Simple  arrangements  permit 
the  filling  of  the  troughvS,  as  well  as  the  agitation  of  their 
contents,  without  loss  of  sulphurous  acid.  In  most  English 
establishments  the  amount  of  nitrate  of  sodium  used  is  finom 
3  to  6  per  cent,  of  the  amount  of  sulphur  present  in  the  py- 
rites. The  best  conducted  of  them  bring  this  quantity  down 
to  2  per  cent. 
Newaonrcesof     Newsourccs  of  uitrous  vapors  have  been  foundin  theresid- 

nitrous  vapors.  *^ 

ual  a<!ids  of  aniline  and  nitroglycerine  works,  which  yield 
large  quantities  of  nitrogen  compounds  when  passed  through 
a  Glover's  tower.  One  English  establishment  claims  to  have 
obtained  good  results  for  two  years  past  by  introducing  a 
solution  of  nitrate  of  soda  directly  into  the  chambers  by 
means  of  a  jet  of  steam. 
sprengei's     An  important  improvement  in  the  mode  of  supplying  the 

steam    jet     and  *  ^       xu  ^         •      ^u     i      ^     i '       u         •     ^ 

water  spray.  Water  ueccssary  for  the  reaction  m  the  lead  chambers  is  due 
to  H.  Sprengel.  It  consists  in  forcing  the  water  in  the 
form  of  fine  spray  into  the  chambers  by  means  of  a  jet  of 
steam,  issuing,  under  a  pressure  of  two  atmospheres,  finom 
a  platinum  tube  in  the  center  of  a  jet  of  water.  In  this  man- 
ner 20  kilos  of  steam  change  80  kilos  of  water  into  a  cloud 
Advantages,  of  fine  spray.  The  advantages  are:  (1)  An  economy  of  heat, 
corresponding  to  that  nece^ssary  to  vaporize  the  80  kilos  of 
water;  (2)  cooling  of  the  chambers  equivalent  to  the  absence 
of  the  same  amount  of  heat ;  and  (3)  economy  of  space  other- 
wise occupied  by  steam  and  gases  at  a  higher  temperature. 
The  increase  of  production  due  to  this  improvement  corre- 
sponds to  an  economy  of  6^  per  cent,  in  pyrites  and  15  per 
cent,  in  nitrate  of  sodium. 
Gay  Lnssac's     Gay  Lussac's  towcr  is  now  in  general  use,  and  no  essen- 

tower 

tial  modifications  in  its  structure  have  been  introduced.  A 
great  part  of  the  loss  of  nitrous  vapors,  hitherto  difQcult  to 
explain,  is  now  attributed  to  the  oxidation  in  this  tower  of 
the  arsenious  oxide — derived  from  the  arsenic,  almost  in- 
variably piesent  in  pyrites — to  arsenic  oxide  at  the  expense 
of  the  oxygen  of  nitrogen  compounds. 
De  Hemptinne's  Dc  Bemptiune  has  introduced  a  new  modification  of  the 
manufacture  of  sulphuric  a^id,  the  essential  features  of 
which  are  a  diminution  of  the  extent  of  the  vitriol  cham- 
bers by  filling  a  single  one  with  perforated  vessels  of  stone- 
ware, over  which  weak  acid  constantly  trickles,  admission 
of  liquid  nitric  acid,  and  exclusion  of  water  except  between 
the  Gay  Lussac  tower  and  the  chimney.    The  sulphurous 
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acid  enters  the  chamber,  after  having  passed  through  dust-  suiphunc  add. 

compartments  and  surrendered  its  heat  to  a  system  of  lead 

tubes  containing  acid  in  process  of  concentration.    Denitra-  p© Hemptumea 

vitriol  cuamber. 

tioD  takes  place  in  a  dram  filled  with  fragments  of  earth- 
enware, where  the  acid  is  brought  in  contact  with  gases 
drawn  from  the  chamber,  and  returning  thither  laden  with 
nitrous  vapors.  The  chief  advantages  claimed  for  this  sys- 
tem are  denitration  and  concentration  of  the  acid  without 
introducing  impurities  in  the  form  of  the  pyrites  dust — as 
in  the  Glover's  tower — while  still  utilizing  the  heat  of  the 
fomaces;  reduction  of  the  cost  of  the  plant  of  the  cham- 
bers to  about  one-seventh,  by  filling  a  single  chamber  with 
sufficient  vessels  to  supply  the  necessary  surface  for  the  re- 
actions ]  suppression  of  the  jets  of  steam  hitherto  in  use ; 
rapidity  of  production ;  and  concentration  by  means  of  su 
perheated  steam.  With  regard  to  the  disposition  of  the 
lead  chambers,  it  is  well  to  remark  that  numerous  experi- 
ments of  late  years  tend  to  show  that  the  amount  of  surface 
exposed  plays  a  much  less  important  part  than  has  hereto 
fore  been  supposed.  The  introduction  of  masses  of  .coke 
into  the  chambers,  and  other  similar  devices,  have  given  no 
practical  results.  De  Hemptinne  has  as  yet  given  no  de- 
tailed statistics  on  the  actual  results  of  this  method,  although 
.twelve  years  have  elapsed  since  the  commencement  of  his 
experiments. 

Glover's  tower.  Glover'»  tower. 

« 

The  attention  of  chemists  engaged  in  sulphuric  acid  man- 
ufacture has  been  directed  during  the  past  few  years  chiefly 
to  the  study  of  the  practiqal  utility  of  the  Glover  tower, 
and  valuable  monographs  on  the  subject  have  appeared    Monographnoii 
from  Bode,  Lunge,  Vorster,  Hurter,  and  others. 

The  first  tower  was  built  on  the  Tyne  by  John  Glover,  in    The  invention 
1859.    After  experiments  with  brick  and  lead  structures,  he  ©r   the   Giovor 
adopted,  in  1^64,  the  form  now  prevalent,  a  rectangular  or 
rounded  tower  of  lead,  possessing  a  height  of  25  to  30  feet, 
and  a  horizontal  section  of  GO  to  100  square  teet,  lined  with 
stone,  proof  against  acid  and  divided  into  two  parts — the 
lower  C  feet  in  height,  empty ;  the  remaining  and  upper 
part  filled  with  fragments  of  stone  ware,  and  surmounted 
by  a  layer  of  coke.     By  1870  most  of  the  large  English 
establishments  were  provided  with  the  new  apparatus,  and 
in  1871  it  was  introduced  into  Germany.    Since  then  it  has    itn  almost  uni 
been  adopted  so  universally  that  at  present  none  of  the  ""*""  "  op^'o»» 
large  English  works,  and  but  few  of  those  on  the  Continent, 
are  without  it.    (Kuhlman's  works  at  Lille  are  a  notable 
exception*) 
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suiphurie  acid.      ^g  Originally  proposed  by  Glover,  and  as  used  at  present 
Gi^^^t^or  ^^^  ^^  most  cases,  the  tower  serves  the  double  purpose  of  concen- 
trating the  chamber  acid  and  denitrating  the  acid  coming 
from  the  Gay  Lussac  tower.    With  regard  to  the  first  func- 
tion, experience  is  unanimous  in  proclaiming  its  success. 
inc  thif  chamSfr  ^*  utilizcs  to  the  utmost  the  heat  possessed  by  the  gases 
^c*<i-  issuing  from  the  furnaces,  suppresses  the  use  of  compart- 

ments for  cooling  the  sulphurous  vaxx>rs  before  entering  the 
lead  chambers,  concentrates  the  acid  at  once  to  over  60^ 
Baum6,  and  prevents  a  loss  of  acid,  the  small  amount  pres- 
ent in  the  water  evaporated  being  saved  in  the  chambers. 
Vorster  finds  that  in  a  tower  of  the  capacity  of  81  cubic 
meters  1,400  kilograms  of  water  are  evaporated  daily, 
550,600  kilograms  of  112804  are  formed,  and  from  3J  to  4 
per  cent,  of  the  acid  passing  through  the  tower  is  carried 
over  into  the  chambers. 
Action  on  py-     When  pyritcs  containing  selenium  are  burned,  it  is  found 

ntv9    containing  *^*'  ®  ^ 

selenium.  that  thc  sclcnious  oxide  formed  is  decomposed  in  the  Glover 

tower,  by  the  action  of  the  sulphurous  oxide,  leaving  selen- 
ium behind— SeOg  +  2SO2  =  Se  +  2SO3. 

The  use  of  the  tower  as  a  concentrator  is  practical  in  all 

cases,  except  where  it  is  necessary  that  the  acid  should  be 

Coloring? action  free  from  the  brown  color  resulting  from  the  presence  of 

of  organic   mat-  *='  '■ 

tor  in  the  coko.    organic  matter  in  the  coke,  as  well  as  free  from  the  impuri- 
ties caused  by  the  entrance  of  flue  dust. 

With  regard  to  the  value  of  the  tower  as  a  denitrating 

i>enitration  of  agcut,  there  is  a  wide  diversity  of  opinion.    Vorster,  Hurter, 

tower.  and  others  claim  that,  while  the  acid  trickling  thrcugh  the 

tower  is  completely  denitrated  by  the  hot  sulphurous  vai)or8 

passing  through  on  their  way  to  the  chambers,  the  rea<^tion 

goes  so  far  that  a  large  percentage  of  the  nitrogen  com- 

Opinions  aa  to  pouuds  prcscnt  are  reduced  either  to  the  form  of  monoxide 

the  loss  by  reel  no-  '^  -"^ 

uon  of  the  nitro- or  to  nitrogcn  itself,  and  thus  rendered  utterly  useless. 

gen  rompounfUi.  ^  '  ,  *" 

They  attribute  further  to  this  reaction  the  hitherto  unex- 
plained loss  of  the  higher  oxides  of  nitrogen  in  the  manu- 
facture. On  the  other  hand.  Lunge  shows,  by  very  care- 
fully conducted  experiments,  that  a  mixture  of  SO2  and  air, 
corresponding  to  the  mixture  issuing  from  the  pyrites  fur- 
naces, denitrates  acid  from  the  Gay  Lussac  tower  at  a  tern- 
peratare  of  200°  without  formation  of  nitrogen  or  its  mon- 
oxide. In  the  Glover  tower  the  reaction  should  be  the 
same;  the  gases  on  entering  i)OSsess  a  temperature  of  300^, 
but  give  off  heat  rapidly  to  the  denitrated  acid  at  the  bot- 
tom of  the  tower.  They  first  encounter  acid  not  entirely 
denitrated  in  the  middle  of  the  tower,  where  the  tempera- 
ture of  the  acid  is  7(P  and  of  the  gases  175o.    The  acid  is 
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chiefly  denitrated  in  the  upper  portion  of  the  tower,  firom  StdphurUaoid, 

which  the  gases  enter  the  chamber  with  a  temperature  of 

5(P.    Davis  claims  that  the  loss  of  nitrons  compounds  is 

dae  to  the  presence  of  arsenions  acid,  which  is  oxidized  at 

their  cost  in  the  Gay  Lussac  tower.    Experiment  with  the 

Westphalian  pyrites,  which  are  free  from  arsenic,  should 

settle  this  point. 

Concentration  to  66°  2?.=:1.8  sp.  gr,  ^  S?b!°*"''**° 

la  the  methods  of  concentrating  sulphuric  acid  from  55^ 
B.  (1.69  «p.  gr.)  or  6(P  B.  (1.71  8p.  gr.)j  the  highest  degree 
capable  of  being  attained  in  leaden  vessels  under  ordinary 
circumstances,  to  66^  B.  (IM^  »p.  gr.)y  the  degree  required 
for  the  strongest  acid,  very  important  modifications  have 
been  introduced.    The  aims  kept  in  view  have  been  to  re-   Replacement  of 

,  .  ,  •■         -1      .  ,  .  »  .  *"®  costly  plati- 

plafCe  totally  or  in  part  the  costly  platinum  hitherto  in  use  num  apparatus, 
for  retorts,  to  lower  the  temperature  at  which  the  concen- 
tration can  be  accomplished  in  these  substitutes,  and  to 
economize  fuel.    De  Hemptinue  states  that  he  has  success-  DenempUnDew 
My  solved  the  problem  of  completing  the  concentration  in  ^*^*^""™p"**®". 
leaden  vessels  by  means  of  the  vacuum.    The  leaden  basins  ^J^jJ"^^^  *"*" 
of  his  apparatus,  which  contain  the  acid,  fit  tightly  in  iron 
basins,  which  protect  them  from  the  pressure  of  the  atmos- 
phere and  transmit  the  heat  of  the  furnace.    A  partial 
vacnam  is  obtained  by  driving  the  air  from  the  large  cyl- 
inder in  communication  with  the  recipient,  by  means  of 
steam,  which  is  afterwards  condensed  by  a  stream  of  cold 
water.   Towards  the  close  of  the  distillation  as  complete  a 
vacuum  as  possible  is  obtained  by  the  use  of  a  Bunsen 
pomp.    Although  the  method  has  been  in  use  since  1873, 
details  with  regard  to  its  successful   operation  are  still  ^ij^^g^^^o "  ^ 
wanting,  and  leading  authorities  doubt  the  possibility  ^^g^  hat"of  u^<i 
obtaining  an  acid  tolerably  free  from  sulphate  of  lead  in 
this  manner. 
Better  success  had  attended  the  introduction  of  Faure  & ,  ?»«*«  &  kcsm. 

ler  s     ooDoentn^- 

Kessiers  new  concentrator.    This  apparatus,  intended  to  tor. 

supersede  the  old  form  of  platinum  stills,  consists  essentially 

of  a  shallow  pan  of  platinum,  resting  above  the  free  fire  and 

of  a  capacious  cylindrical  cover  of  lead,  resting  in  a  channel  _?}»♦*«>?"  p*» 

-  ,   ,  .  ,  ,  «     ,  ,.v.  with  leaden  cover 

formed  by  curving  the  upper  edge  of  the  pan.  The  covered  worm. 
replaces  the  upper  part  of  the  platinum  stills,  as  well  as 
the  adjoined  worm,  being  made  with  double  walls,  between 
which  cold  water  constantly  circulates.  The  weak  acid  dis- 
tilled o£f  condenses  on  the  walls  of  this  cover,  flows  down 
into  the  channel  referred  to,  thereby  forming  a  hydraulic 
joint  l>etween  the  pan  and  its  cover,  and  is  drawn  off  from 
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Sulphuric  aeid.  the  outside.    The  water  drawn  off  at  first  is  conducted  di- 
rectly into  the  vitriol  chambers  or  into  boilers  by  a  tube 
from  the  conical  summit  of  the  cover.    In  previous  forms 
Faure  &  Kess- of  FauFC  &  Kesslei's  coucentrator  the  furnace  with  the  pan 

tor.  stood  in  the  middle  of  a  small  lead  chamber,  over  the  out- 

side of  which  cold  water  constantly  trickled.  The  chief 
advantages  of  this  apparatus  are  diminution  of  platinum 
necessary  for  a  certain  rate  of  concentration  to  one-third 
of  the  amount  formerly  required;  avoidance  of  violent 
ebullition,  on  account  of  the  small  amount  of  acid  present 
at  any  one  time  in  the  pan — less  than  10  centimeters  in 
Advantages,  depth;  an  economy  of  30  per  cent,  in  fuel ;  ease  of  making 
repairs ;  smaller  proportional  loss  of  platinum.  The  firm 
has  already  supplied  05  concentrators  since  1873,  of  which 
7  have  been  sent  to  the  United  States. 

The  marked  advantages  and  economy  resulting  from  the 
use  of  this  style  of  apparatus  at  once  brought  about  a  rev- 
olution in  the  manufacture  of  platinum  stills. 

Mathe  ''^S^co^s     J^^^sou,  Matthcy,  &  C6.,  of  London,  have  introduced  an 

stiiL  oblong,  low  still,  in  which  the  rapidity  of  evaporation  is 

insured  by  the  use  of  a  fluted  or  corrugated  bottom.  The 
acid  passes  from  the  lead  pans  first  into  open  platinum 
pans  with  similarly  fluted  bottoms,  and  finally  into  the  re- 
tort described.  The  firm  claims  likewise  to  have  first  intro- 
duced the  principle  of  distilling  acid  in  shallow  vessels. 
Demontis,     Desmoutis,  Quensscu,  &  Lebrunne,  of  Paris,  also  supply 

bruimo's  stiu.     a  Still,  exceedingly  shallow,  in  which  vertical  concentric 

divisions  force  the  entering  acid  to  pass  over  a*  tolerably 
long  route  before  reaching  the  outlet  tube — an  arrangement 
which  allows  concentrated  acid  to  be  continuously  drawn 
off  by  this  tube.  Other  arrangements  allow  the  acid  to 
pursue  a  zigzag  course  from  one  side  of  the  still  to  the 
other,  so  that  the  strongest  acid  is  always  above  that  part 
of  the  still  most  exposed  to  the  heat  of  the  furnace. 
Liebig'B  im-  Licbig's  improvement,  by  which  the  still  can  be  turned 
from  tim^  to  time,  appears  to  give  satisfactory  results. 

A  few  comparative  statements  of  results  obtained  with 
the  varicms  forms  of  stills  will  show  the  present  state  of  the 
question  between  the  rival  merits : 

Amonnt  of  sulpbario 
acid  of  8p.  gr.  1.84. 

Comparison  of  Old  form  of  stiU,  weight  of  platinDm  3C.5  kilos,  concen- 

{SLrfromTflri:     tratod  in  24  hours 2,800kilo6. 

DO*  stilU.  DeSmontis  &  Co.,  new  form,  weight,  of  platinam  17.6  kilos.  1, 500  kilos. 

Desmontis  &  Co.,  Licbig's  form,  weight  of  platiDum  24.34 

kilos 4, 500  kilos. 

Johnson,  Matthej,  &.  Co.,  new  form,  weight  of  platinum  20 

kiloe,  908t  $5,000 4. 000-5, 000  kiloe. 
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Amount  of  ralphuric  Stilpkurie  acid. 
aoid  of  tp.  gr.  1.84. 

Johnson,  Matthey,  &,  Co.,  2  open  pans  and  4  lead  pans,  37.3 

kilos 8, 000  kilos.     Comparteon  of 

Faare&  Keasier's  pan,  costing  $3,000 2, 500  kilos,  ous  stills. 

By  Faare  &  Kessier's  system ,  with  a  monthly  production 
of  75,000  kilogi-ams,  there  is  a  saving  of  13  cents  per  100 
kilograms  of  acid  in  the  cost  of  concentration,  as  compared 
with  the  old  system. 

The  loss  of  platinum  in  the  stills  during  the  concentra-  ,0n  th<^  loss  of 

'^  platinum  in  tbe 

tioQ  has  been  carefully  examined  by  Scheurer-Kestner.  He  stiiis. 
finds  that  when  nitrogen  compounds  are  absent  from  the 
acid,  9^  grams  of  platinum  are  dissolved  in  the  concefitra- 
tion  of  1,000  kilograms  of  the  monohydrate.  The  presence 
of  nitrogen  compounds  causes  a  still  greater  loss.  The 
presence  of  30  per  cent,  of  iridium  in  the  alloy  of  which  the 
still  is  made  doubles  the  resistance.^  The  alloy  of  platinum, 
coDtaining  30  per  cent,  of  iridium,  is,  howev^,  too  brittle  for 
practical  purposes. 
6.  £.  Lichtenberger  has  introduced  an  iron  still  for  the  Liohtonbergert 

iron  atilL 

concentration  of  sulphuric  acid,  which,  if  entirely  success- 
ful, may  solve  the  question  of  the  platinum  vessels  in  an  un- 
expected manner.    It  consists  of  a  simple  retort  of  cast  iron, 
provided  with  a  leaden  cover  and  leaden  worm.    The  cover 
is  kept  cold,  aifd  acts  as  a  condenser,  channels  on  its  inter- 
nal surface  conducting  the  condensed  acid  to  a  recipient. 
The  use  of  this  still  is  based  on  the  fact  that  while  hot  acid 
at  60^  B.  attacks  iron  vigorously,  with  evolution  of  hydro- 
gen and  sulphurous  anhydride,  this  property  is  lost  as  soon 
as  the  conC'Cntration  attains  64^  B.  (1.79  sp,  gr.).    The  still 
is  therefore  filled,  at  the  start,  with  a  mixture  of  60^  B. 
acid  and  66o  B.  acid,  possessing  the  64P  B.  concentration. 
When  this  amoimt  has  been  concentrated  to  66o  B.,  one- 
half  of  it  is  drawn  off,  aTid  suf&cient  60^  acid  is  added  to 
bring  the  strength  again  down  to  64°,  when  the  evapora- 
tion is  resumed.    A  still  1  meter  in  diameter  and  56  centi- 
meters in  depth  concentrates  in  this  manner  about  1,400 
kilograms  of  acid,  in  24  hours,  to  66o  B. 

In  England  glass  retorts  are  used  for  the  greater  part  of  ^°g^^  k^"' 
the  acid  concentrated,  although  it  is  dif&cnlt  to  obtain  a 
strength  above  65^  B.  (1.82  sp,  gr.).  For  the  strongest  acid 
platinum  stills  are  required.  The  glass  retorts  are  usually 
1  meter  high  and  0.56  meters  in  diameter,  of  thin,  very  evenly 
blown  glass.  They  rest  on  sand-baths,  and  are  protected 
by  plates  of  fire-clay  from  the  direct  action  of  the  fiame. 
A  common  arrangement  for  providing  continuous  working 
is  to  place  them  on  terraces,  in  series  of  threes,  connected 
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Sulphuric  acid,  with  eacli  other  by  means  of  syphous.  Acid,  at  a  temper- 
ature of  150O  C,  enters  the  upper  one,  and,  after  partial 
concentration,  flows  into  the  second,  and  then  into  the 
third,  from  which  the  most  strongly  concentrated  acid  is 
drawn  ofif  through  a  cooler  into  the  carboys. 

Purittcation.  Purification  of  sulphuric  ncid. 

Kemovaiof  ar-     The  rcmoval  of  arsenic  present  in  the  product  of  the 

^~         great  majority  of  works  is  an  operation  usually  avoided 

where  it  is  not  absolutely  essential  to  protect  the  platinum 

soiphnroted  stills.     lu  many  establishments  sulphureted  hydrogen  is 

^    ^°'         still  used.    The  technical  difficulties  standing  in  the  way  of 

its  use  have  led  to  the  adoption  lately  of  other  means*    One 

Sodium  hypo- cousists  in   the  addition  of  sodium   hyx>osulphite  to  the 

saiphf  ,  chamber  acid  of  50°  B.,  the  arsenious  acid  present  being 

precipitated  as  AS2S3,  and  sulphate  of  sodium  remaining 

dissolved  in  the  acid.    By  this  method  the  percentage  of 

arsenic  is  reduced  from  0.098  to  0,004. 

A  still  better  method,  leaving  no  salt  in  solution,  is  that 

Barinm  sni-  of  Dupasquicr,  depending  on  the  use  of  barium  sulphide, 

^    ^  which  yields  a  precipitate  of  AS2S3  and  BaSO^. 

In  his  recent  report  on  the  manufacture  of  sulphuric  acid 
in  France,  M.  A.  Favre  gives  an  interesting  statement  of 
the  present  cost,  in  that  country,  of  producing  1 ,000  kilos  of 
acid  at  50^  B.,  or  1.53  specific  gravity : 

Franca. 

Co«tof  TOodno*  640  kilograms  pyrites  (35  to  40  per  cent,  sulphur),  3  francs  per  100 
Uon^of  sulphuric      j^.j^ ^,j^ 

18  kilograms  Chili  saltpeter,  38  francs  per  100  kilos 6. 84 

30  kilograms  sulpbnric  acid  at  60^  B.,  to  decomx>o8e  the  nitrate. .  1. 20 

gO  kilograms  coal,  30  francs  per  1,000  kilos 2.40 

Labor  and  breakage 3. 26 

General  expenses  and  maintenance 5. 00 

37.90 
Deduct  20  kilograms  sodium  bisnlphate,  at  5  francs  per  100  kilos . .     1. 00 

1,000  kilos  sulphuric  acid,  at  500  B 38.90 

Which  in  our  money  makes  the  acid  cost  about  36  cents  per  pound. 

Pmning  sni.  Fuming  or  Nordhausen  sulphuric  acid. 

phario  acl£ 

Until  a  recent  date  the  manufacture  of  fuming  sulphuric 
acid  has  been  a  monopoly  of  the  famous  Stark  Works,  in 
Northwestern  Bohemia.  There  it  was  first  manufactured 
over  three  centuries  ago,  and  thence  the  industry  was 
Nordbauaen.  transplanted  to  Nordhausen  and  other  localities  in  Germany^ 
in  none  of  which,  however,  it  exists  at  present.  No  essen- 
tial changes  have  been  introduced  in  the  general  method  of 
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manufacture  since  its  origin,  although  within  the  past  fifty  sulphuric  add, 
years  notable  economies  in  fuel,  labor,  etc.,  have  been 
effected.  The  vitriol-slate  which  occurs  in  quantities  in  Nui^haiuen 
the  neighborhood  of  Pilsen  and  Elbogen  contains  fiom  12 
to  3L  per  cent  of  sulphide  of  iron.  On  exposure  to  moist 
air  for  about  three  years,  the  sulphide  is  changed  almost 
completely  into  ferrous  and  ferric  sulphate.  These  salts  are 
extracted  by  lixiviation,  the  solution  evaporated,  and  the 
residue  calcined,  in  order  to  entirely  expel  the  water  and 
change  the  ferrous  sulphate  as  completely  as  possibly  into 
ferric  sulphate.  This  calcined  mass — the  so-called  vitriol- 
stone — when  pulverized,  is  introduced  into  fire-clay  flasks, 
and  subjected  to  distillation,  yielding  faming  sulphuric  acid, 
which  is  collected  in  recipients,  and  oxide  of  iron,  which 
remains  in  the  flasks,  constituting  the  caput  mortuum  of 
early  chemistry. 

In  the  Stark  Works  2,928,000  kilos  of  vitriol-stone  are  stark  work* 
distilled  yearly,  yielding  1,720,500  kilos  of  fuming  sul- 
phuric acid  and  1,350,000  kilos  of  oxide  of  iron,  which 
after  a  special  treatment  is  delivered  into  commerce,  where 
it  finds  a  ready  sale  as  pigment.  These  immense  works 
contain  12  acid  distilleries,  with  110  farnaces,  and  annually 
employ  72,400  retorts  or  flasks  and  40,000  receivers.  Sul- 
phuric anhydride  is  also  prepared  by  this  establishment. 

The  use  of  fuming  sulphuric  acid,  as  well  as  of  sulphuric    usosof  fuiuiu;: 
anhydride,  which  was  formerly  limited  chiefly  to  the  require-  ana  sulphuric  an 
ments  of  indigo  dyers,  has  been  widely  extended  since  the  ^*"*'' 
discovery  of  ozokerite  and  the  introduction  of  aniline  and 
anthracine  dyes,  notable  quantities  being  required,  especially 
in  the  manufacture  of  artificial  alizarine.    This  increased 
demand,  as  well  as  the  probability  of  a  still  more  extended 
use  in  the  future,  has  naturally  led  to  a  study  of  methods 
available  for  the  manufacture  of  this  powerful  reagent,  by 
means  of  which  it  can  be  freed  fi'om  the  present  monopoly, 
and  the  dependence  on  local  conditions,  such  as  the  posses- 
sion of  large  deposit's  of  vitriol-slate,  and  placed  on  the  same 
basis  of  free  competition  as  the  other  leading  products  of 
the  great  chemical  industries. 

For  this  purpose  two  processes  are  now  in  use.  The  first  Procowes  i.f 
is  based  on  the  utilization  of  the  bisulphate  of  sodium  ob- 
tained in  quantities  from  the  sulphuric  acid  works  and  from 
the  manufacture  of  nitric  acid.  It  is  a  method  which  has 
fi^uently  been  proposed,  and  even  carried  into  execution 
on  a  small  scale.  It  depends  on  the  fact  that  when  bisul- 
phate of  sodium  is  melted  it  loses  water — 

2NaHS04=H20+Na,Sj|07j 


oeM. 
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Sulphur!/;  acid,  and  when  heated  to  600^  C.  it  loses  sulphuric  anhydride — 

Ka2S807=S03+Na2S04. 

For  two  years  past  considerable  quantities  of  sulphuric 

Fuming  su].  anhydride  and  fuming  sulphuric  acid  have  been  manufact- 

pburic  acid.       j^j.^^  ijj  y^^^  Fraucc  and  England  by  this  method  5  and  it  in 

stated  that  the  process  is  continuous,  sulphuric  acid  being 
added  to  the  residual  sulphate  of  sodium  to  regenerate  the 
bisulphate.  The  manufacture  is  still,  however^  in  the  ex- 
perimental stage,  and  has  not  overcome  certain  technical 
difficulties  facing  the  production  on  a  large  scale. 
wink]er*»  pro-  The  sccoud  proccss  is  of  an  exceedingly  original,  ingeni- 
ous, and  elegant  character,  and  was  proposed  in  1875  by 
Professor  Winkler,  of  Freiberg,  who  generously  offered  it 
to  the  industrial  world  free  from  all  patent  restrictions. 
This  process  is  based  on  two  pimple  reactions :  the  union  of 
sulphurous  anhydride  and  oxygen  to  form  sulphuric  anhy- 
dride^ when  passing  at  not  too  high  a  temperature  over 
certain  so-called  catalytic  substances ;  and  the  nearly  com- 
plete decomposition  at  a  high  temperature  of  sulphuric  acid 
into  water,  oxygen,  and  sulphurous  anhydride— 

S02-fO=S03  :  H2804=HaO+0+SO,. 

Description  of    The  Operation  consists,  firstly,  in  passing  the  vapors  of 
pToce««.  c*mcentrated  sulphuric  acid  through  an  iron  tube^  lined  in- 

ternally and  externally  with  fireclay  and  filled  with  frag- 
ments of  porcelain,  which  are  kept  a  bright  red  heat.  The 
decomposition  here  is  almost  complete,  and  the  resultant 
gases  are  conducted  through  a  system  of  lead  tubes,  which 
serve  for  the  condensation  of  most  of  the  aqueous  vapor 
present ;  and,  finally,  to  remove  the  last  traces  of  water,  the 
gases  are  passed  through  a  scrubber  filled  with  pumice- 
stone,  over  which  concentrated  sulphuric  acid  constantly 
trickles.  The  mixture  of  oxygen  and  sulphurous  anhydride 
is  next  conducted  through  tubes  of  fire-clay  heated  to  dull 
redness,  in  which  are  contained  the  contact  substances 
necessary  to  induce  the  union  of  the  gases.  For  this  pur- 
pose finely  divided  platinum  is  best  adapted,  and  the  most 
practicable  form  is  found  to  be  the  so-called  platinum  asbes- 
tus,  prepared  by  soaking  very  soft  asbestus  in  a  concen- 
trated solution  of  chloride  of  platinum,  then  dipping  it  into 
a  solution  of  chloride  of  ammonium,  and  heating  it  to  a  glow, 
after  first  drying  the  mass.  Under  the  most  favorable  cir- 
cumstances thus  far,  about  eight-tenths  of  the  sulphurous 
anhydride  passed  through  the  apparatus  is  oxidized  to  sul- 
phuric anhydride^  which  is  condensed  in  lead  chambers  or 
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conducted  into  sulphuric  acid  to  form  Nordhausen  or  ftim-  swiphuHeaeid. 
ing  sulphuric  acid. 
The  principal  difficulties  at  the  commencement  of  the  fab-  ,    FuminK  •oi. 

phuno  aoicl. 

rication  are  the  arrangements  of  satisfactory  retorts  for  the 

distillation  of  the  sulphuric  acid  and  the  avoidance  of  a  loss   winkier's  pro. 

of  platinum  from  the  presence  of  arsenic  in  the  acid  used.^^^**' 

These  obstacles  appear  to  have  been  satisfiEM^torily  overcome, 

as  the  process  is  in  regular  operation  in  one  English  and 

three  German  establishments.    In  consequence  of  its  intro- 

daction,  Nordhausen  acid  is  now  sold  at  one-third  of  its  for 

mer  price.    The  platinum  apparatus  necessary  for  the  fab-   cost  of  neces- 

tary  platixiiim  ftp* 

rication  is  advertised  by  Johusou,  Matthey,  &  Co.,  of  Lon- paratua. 
don,  at  $10,000. 

A  method  just  introd  uced  by  Walters  in  Germany  is  based  ccm."^"  ^'^ 
on  the  action  of  sulphate  of  magnesium  on  dehydrated  bi- 
sulphate  of  sodium — ^NaaS04-f  SO3.  At  a  temx>erature  suf- 
fidently  elevated  to  liquify  the  latter,  the  double  sulphate 
of  soda  and  magnesia  is  formed,  and  the  sulphuric  anhydride 
thereby  set  free  is  distilled  over.  The  great  advantage  of 
tbiB  method  is  the  low  temperature  at  which  the  anhydride 
is  produced,  a  circumstance  allowing  an  easy  choice  of  ma- 
terial for  the  necessary  apparatus.  The  residual  double  sul- 
phate is  dissolved,  and  the  two  salts  separated  by  crystalli- 
zation, to  be  used  again  for  the  same  purpose,  the  soda  salt 
receiving,  naturally,  an  additional  equivalent  of  sulphuric 
acid  after  each  operation. 

Salphuric  anhydride  is  sent  into  commerce  inclosed  in 
sheet-iron  or  tin-plate  boxes,  it  having  no  action  on  the 
metals  in  the  absence  of  moisture. 

Sulphurous  and  hydrosulphurous  adds.  Snipharoaaaod 

hydrosulphnroav 

An  important  new  application  of  sulphurous  anhydride  is  '^^^ 
for  the  manufacture  of  artificial  ice  by  Pictet^s  method.   The 
cheapness  of  the  gas  and  its  easy  compressibility  render  it 
eminently  adapted  for  this  purpose.    Thousands  of  hundred-    Use  in  the  Pic. 
weights  of  ice  were  manufactured  during  the  Exhibition  in       ^  p«>«««- 
a  special  building  in  the  grounds,  erected  by  the  Pictet  Ice 
Company. 

Sulphurous  acid  is  now  required  extensively  in  dyeing,    in  dyeing. 
Bisulphite  of  lime  has  now  entirely  superseded  sulphur  as 
an  anti-ferment  in  the  wine  and  beer  making  industries.    In    ^ »»  antifer. 
the  latter  manufacture  it,  together  with  salicylic  acid,  is  the 
sole  means  now  used  for  arresting  the  fermentation  at  the 
proper  moment,  and  to  prevent  any  subsequent  action. 

Uydrosalphurous  acid,  and  especially  its  sodium  salt,  dis 
covered  by  Schiitzeuberger  in  1873,  rank  among  the  most  Sohtttzcnberger. 
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Sulphuric  aeid,  powerful  reduciug  agents  now  at  the  command  of  the  tech- 
nical chemist.     The  sodium   salt — ^NaHSO^ — ^in  aqueous 
solution,  forms  an  excellent  substitute  for  ferrous  sulphate 
in  the  indigo  vat,  especially  for  woolen  goods.    For  ordinary 
Use  of  the  dyeing,  it  increased  the  ease  and  rapidity  of  the  operation, 

sodiom    salt    of    \^.-    ^.'  .  •     ,  ^    •  •    i.-  -i. 

hydrosnipburous  whilc  lUHunng  purcr  shadcs ;  and  m  pnntmg  it  causes  a 
^^       ^    ^'    saving  of  50  per  cent,  of  the  indigo  used,  while  permitting 

at  the  same  time  the  printing  of  aniline  and  other  dyes^  as 
well  as  offering  other  facilities.  The  solution  of  sodium  hy- 
drosulphite  is  prepared  by  adding  one  part  of  zinc  powder 
to  from  10  to  15  parts  of  a  solution  of  sodium  bisulphite, 
making  2iP  B.,  and  stirring  until  the  odor  of  sulphurous 
acid  ceases  to  be  given  off.  The  same  solution  is  also  used 
for  bleaching  woolens.  Since  the  introduction  of  this  re- 
agent a  new  impetus  has  been  given  to  the  woolen  industry 
in  certain  districts  of  Belgium  and  France. 

yuricadd.  NITEIO  ACID  A2^D  NITRATES. 

Manufacture  of  nitric  acid. 


Made  oxcin.  This  acid  is  still  manufactured  exclusively  from  sodium 
LnitpetSl™ itrat^  "^trate  (Chili  saltpeter),  by  decomposition  with  sulphuric 
com*^8ition^y?th  acid,  nonc  of  the  proposed  substitutes  offering  a  more  satis- 
"'s?ib^nite*pro-  factory  method.  The  most  important  of  these  proposed  im- 
mnS^"  wj^SSt,"  provements  are  the  decompositions  of  sodium  nitrate  by 
and  Wniz.         mauganesc  chloride  (Kuhlmau),  by  alumina  (Wagner),  and 

by  calcium  carbonate  and  steam  (Walz).    Noteworthy  ad- 
vances in  the  technical  arrangements  are  the  following: 
Introduction  of  horizontal  cast-iron  cylinders  in  place  of 
the  former  elliptical  retorts  for  decomposition,  permitting 
economy  in  fuel  and  greater  ease  in  conducting  the  opera- 
imDortanttechtion;  usc  of  Clcvc's  changeable  cock,  permitting  the  sepa- 
ments  in^e  ap^  ratiou  of  the  colodcss  acid  from  the  fuming  acid  during  the 
paratua.  rcaotion ;  substitution  of  glass  tubes  for  the  former  stone- 

ware heads  of  the  retorts,  allowing  a  constant  control  of  the 
reaction  in  the  retorts ;  introduction  of  cylindrical  recipi- 
ents ;  absorption  of  the  vapors  issuing  from  the  last  recipient 
by  sulphuric  acid  in  a  coke  scrubber,  forming:  nitrous  acid 
similar  to  that  obtained  in  the  Oay  Lussac  tower ;  passage 
of  the  acid  vapors  through  a  glass  condenser.  This  last  is 
a  most  important  improvemen  t.  One  of  the  chief  difficulties 
hitherto  in  the  manufacture  of  nitric  acid  has  been  the  brit- 
Fragiutyofthotle  Character  of  the  stone- ware  recipients  when  exposed  to 

stone- ware      re-.,  -jii.  ^.  .  •  .i 

cipients.  thc  rapid  changes  of  temperature  necessary  in  economical 

and  continuous  work.   In  England  this  annoyance  is  avoided 
and  the  worm,    by  letting  the  acid  vapors  pass  through  a  worm  of  stone 
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ware.  The  unavoidable  firagility  of  the  latter,  however,  en-  Nitric  aeid. 
tails  frequent  loss.  Goebel,  in  Belgium,  has  replaced  the 
worm  by  a  suitable  glass  tube,  arranged  much  as  the  fa-  giom  wonu. 
miliar  condensers  of  the  laboratory,  and  kept  cool  with  a  con- 
stant stream  of  water.  By  this  simple  contrivance  he  les- 
sens the  number  of  the  recipients  to  a  third  of  the  former 
number,  entirely  prevents  their  breakage,  and  iucreases  the 
production  by  20  per  cent. 

The  residual  sodium  sulphate  from  the  decomposition  of  .Umo  of  the  re. 
sodium  nitrate  is  now  profitably  used  in  the  manufacture  of  suipimte. 
soda  crystals,  as  well  as  of  Nordhausen  sulphuric  acid. 

Julian,  in  France,  has  patented  a  method  of  preparing 
nitric  acid  by  passing  the  electric  spark  through  strongly 
compressed  air. 

Nitrate  of  soda  (soda  saltpeter),  Nitnteofsoda. 

The  nitrate  of  sodium,  which  now  forms  the  great  source 
of  nitric  compounds,  is  derived  almost  entirely  from  the 
western  coast  of  South  America.    The  deposits  are  found   The  deposits  oi 
in  a  territory  about  2,400  miles  in  length,  extending  through  s^uth^^riSJ*^ 
Pern,  Bolivia,  and  Chili,  which  is  supposed  to  have  been 
the  bed  of  an  inland  sea,  and  to  have  since  been  elevated 
by  volcanic  agency.    The  deposits  are  found  in  a  marly 
earth,  from  three  to  thirty  feet  below  the  surface,  and  con-  characterofde. 
tain  usually  from  48  to  55  per  cent,  of  nitrate  of  sodium,  35  ^^ 
to  40  per  cent,  of  chloride  of  sodium,  and  10  to  12  per  cent, 
of  insoluble  matter.    They  are  loosened  by  blasting,  and    Mode  of  work- 
the  pulverized  mineral  undergoes  a  series  of  lixiviations.    ^ 
The  old  method  of  boiling  the  mass  with  water  is  now  su- 
perseded by  extraction  at  a  lower  temperature,  a  change   improved  pro- 
followed  by  an  increase  of  30  per  cent,  in  the  yield  of  nitrate.  *^^*** 
lliie  nitrate  crystallizing  out  of  the  solution,  after  the  depo- 
sition of  the  chloride  of  sodium,  contains  95  or  96  per  cent, 
of  nitrate  of  sodium.    In  the  methods  of  transport  and  ex- 
traction there  is  still  much  room  for  improvement. 

Peru  possesses  over  one  hundred  and  thirty  nitrate  works,    Nitrate  works 
producing  annually  about  300,000,000  kilograms,  over  half**'  ^**^ 
of  which  is  absorbed  by  England.    At  present  all  these 
works  are  in  the  hands  of  the  government,  which  has  pur- 
chased them  for  $17,500,000  in  1877,  and  it  intends  to  make 
a  monopoly  of  the  manufacture. 

During  the  past  year  very  extensive  deposits  have  been  chQian deposits 
found  in  the  province  of  Atacama,  Chili,  containing  30  per^ 
cent,  of  nitrate  of  sodium.    The  production  of  nitrate  in 
BoUvia  has  been  greatly  increased  since  the  existence  of  the   works  in  bo- 

llvlo. 
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xitrieaeid.     govemmeut  monopoly  in  Peni,  the  port  of  Antofogasta 
alone  exporting  1,180,000  kilograms  monthly. 

Nitrate  of  pot-  Nitrate  of  potosh  or  saltpeter, 

ash. 

Process  by  don-     The  manufacture  of  this  salt  from  double  decomposition 
tionof^to^mof  Commercial  potassium  salts  and  nitrate  of  sodium  has 
of  i^^um."        now  attained  a  high  degree  of  perfection,  and  forms  at  pres- 
ent the  main  source  of  this  important  compound.    But  com- 
paratively small  quantities  of  saltpeter  are  now  exported 
from  India  and  other  tropical  countries,  and  the  so-called 
saltpeter  beds  are  scarcely  to  be  found  outride  of  Sweden, 
where  the  government  still  requires  an  annual  contribution 
Probable    ef-  from  cach  landholder.    The  increase  in  the  price  of  nitrate 

fectsofPeravian     «        j.  .  ^     «  . ».     -r*  •  i 

monopoly.         of  sodium  growmg  out  of  the  Peruvian  monopoly  may  pos- 
sibly revive  some  of  the  discarded  methods  for  forming 
Pix)auction  of  saltpeter.    In  the  great  Austrian  works  at  Simmering,  man- 
at  Simmering,     ufacturiug  2,500,000  kilograms  annually,  chloride  of  potas- 
sium from  Kalusz  is  used,  on  account  of  its  freedom  from 
magnesium  salts.    In  the  other  leading  European  works  the 
Production  of  Stassf urth  sult  is  used.    In  the  three  German  works  now  in 

operation  20,000,000  kilograms  are  produced  annually. 
Schmidt's  pro-     Schmidt,  in  Denmark,  obtains  saltpeter  by  adding  nitrate 

cess.  *./«=» 

of  sodium  to  the  mother  liquors  remaining  after  the  separa- 
tion of  the  iodine  and  magnesia  from  the  solution  yielded 
New  French  by  the  lixiviatiou  of  kelp  ash.    By  a  new  French  process 
process.  ^^^  couversiou  of  the  nitrate  of  sodium  into  the  potassium 

salt  is  effected  by  inclosing  the  solution  in  an  autoclave, 
provided  with  a  stirring  apparatus,  and  exposing  it  to  the 
action  of  steam  at  a  pressure  of  six  atmospheres. 

Very  impure  saltpeter  is  brought  from  Peru,  obtained 

from  the  residual  liquors  after  the  crystaUization  of  the 

nitrate  of  sodium. 

Considerable  quantities  of  niter  are  now  manufactured  in 

Decomposition  Belgium  from  Chili  saltpeter  by  decomposing  it  with  car- 

uf  potoMhim^obbonate  of  potassium,  obtained  from  the  ashes  of  the  beet- 

ashe^softh^nsto  root  sugar  manufactories.    The  product  of  this  industry  is 

sugar  prS^^'  vcry  purc,  and  it  is  sold  at  a  low  price. 

During  the  recent  Eusso-Turkish  war  large  quantities  of 
saltpeter  were  exported  from  America  to  Europe. 

PotaMtumsoZte.  POTASSIUM  SALTS. 

Deposits  of  po-     The  rapid  development  of  the  enormous  deposits  of  po- 
Kainszandstosstassium  salts  at  Kalusz,  in  the  Carpathians,  and  at  Stass- 

furth,  in  Central  Germany,  has  caused  the  usual  processes 
for  obtaining  these  compounds  to  descend  to  a  somewhat 
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subordinate  position.    The  use  of  pearlasb  is  become  more  PotatHumtaUt. 
and  more  limited.    Thus  the  export  of  pearlasb  from  Lower 
Canada  to  Europe  has  diminished  during  the  past  twenty- 
fiFe  years  from  7,500,000  kilos  to  5,000,000  kilos. 

The  extraction  of  the  potassium  salts  from  the  suint  of  ^^o^^*  fro™ 
raw  wool,  a  practice  introduced  in  1859,  grew  to  be  an  im- 
portant industry  in  a  few  years,  a  full  and  exhaustiv^e  de- 
scription of  which  was  given  by  A.  W.  Hofmann  in  his  re-     Hoftnan'M  im- 
port on  the  Chemical  Industries  as  shown  at  the  Universal  Efbition  °i802. 
Exhibition  held  in  London  in  1862.     This  industry  origi- 
nated in  France — growing  out  of  the  researches  chiefly  of 
Vaaquelin,  in  1803,  and  of  Ghevreul,  in  1828 — where  it  still 
floorishes,  notwithstanding  the  unequal  contest  with  the 
Stassfnrth  minerals.    It  is  also  carried  on  in  Germany  and 
iir  Hungary,  where,  by  the  process  of  exhaustive  lixiviation 
now  practiced,  a  yield  of  over  30  kUos  of  crude  potash,  con- 
taining 80  per  cent,  of  potassium  carbonate,  frt)m  1,000  kilos 
of  wool  is  obtained.    Potash  extracted  frt)m  auint  is  said  to 
contain  no  soda. 

The  combined  eftect  of  the  Stassftirth  deposits  and  the   causes  of  d«. 
South  American  supplies  of  iodine  have  exerted  a  depress-  pro<"eMMs  ^of  ex- 
ing  influence  on  the  extraction  of  salts  from  sea- weed  ashes,  i^w^!°  ^    ^ 
especially  in  France. .  A  most  ingenious  process  has  been 
introduced  by  Borland,  which,  by  increasing  the  yield  of  Heriand's  pro- 
potash  and  of  iodine,  will  probably  enable  this  industry  to  ****** 
maintain  its  existence.    Instead  of  being  burned,  as  hitherto, 
the  freshly-gathered  kelp,  packed  in  iron  baskets,  is  im- 
mersed in  lime  baths — containing  50  kilos  of  caustic  lime  ^  ,  steeping  the 

kelp    ID    caustic 

to  the  cubic  meter  of  water — and  allowing  the  salts  to  be  umu  »oiutioD. 
extract^  by  the  process  of  osmosis.     By  dift'usion  through 
the  walls  of  the  cells  of  the  vegetable  the  salts  of  the  plants 
go  into  solution  and  are  replaced  by  lime.    The  plants  are 
are  used  for  fertilizers,  where  potash  salts  are  not  required; 
and  the  solutions,  on  being  treated  as  usual,  yield  three 
times  the  amount  of  potash  and  iodine  obtained  by  former 
processes.     The  extraction  of  chloride  of  potassium  from    Extraction  of 
the  mother- waters  of  the  salt  gardens  in  France  had  as-sium  ft^^the 
sumed  large  proportions  at  the  time  of  the  discovery  of  theXs^^^niral 
deposits  in  Germany.    Since  that  time  Merle  has  introduced 
such  important  modifications  into  the  methods  practiced, 
that  now  it  is  possible  to  produce  chloride  of  potassium  at 
a  price  even  below  that  of  the  German  or  Austrian  product. 
The  most  important  and  the  most  recent  of  these  improve-      Merio's    im. 

proved  processes. 

ments  consists  in  a  simple  method  for  obtaining  anhydrous 
sodium  sulphate  (thenardite)  from  crystallized  glauber  salt 
(Na2S04  +  lOHsO).     In  the  concentration  of  the  mother- 
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pottunum  Baits,  waters  iiecessary  for  the  separation  of  the  chloride  of  po- 

tassiam,  a  precipitate  of  crystallized  sodium  sulphate,  ten 

Merle's  pro-  timcs  the  Weight  of  the  potassium  salt,  is  obtained  as  a  lye 

•^*  product.    On  account  of  the  cost  and  technical  difficulties 

connected  with  the  reduction  of  this  salt  to  the  anhydrous 
state  by  the  action  of  heat,  it  was  practically  of  but  little 
value.  The  new  method  of  utilizing  this  salt  is  based  on 
the  fact  that  when  it  is  liquified  in  its  water  of  crystalliza- 
tion  at  330  C,  and  there  is  added  to  the  solution  i:0  to  22 
per  cent,  of  common  salt,  or,  better  still,  a  mixture  of  mag- 
nesium sulphate  and  sodium  chloride— precipitated  at  one 
stage  of  the  operation — the  entire  quantity  of  sodium  i^ul- 
phate  present  is  precipitated  as  a  fine  powder,  in  a  high 
state  of  purity.  In  this  form  the  sulphate  is  prized  by 
glass-makers.  This  advantageous  disposition  of  the  most 
important  lye  product  in  the  operation  enables  the  chloride 
of  potassium  to  be  produced  at  a  price  allowing  successftd 
competition  with  the  Stassfurth  salt,  even  outside  of  France. 
As,  however,  the  amount  of  chloride  of  potassium  obtained 
in  this  way  is  proportionate  to  the  production  of  salt  (1  to 
33),  this  industry  must  necessarily  remain  somewhat  limited. 
MftnufiMstare     The  manufacture  of  potash  from  the  vinasse  lefb  after 

Hncuue.  the  distillatiou  of  fermented  beet-root  molasses  has  formed 

for  the  past  forty  years  an  important  branch  of  industry 
in  France,  Germany,  and  Belgium.  It  was  estimated,  in 
1874,  that  no  less  than  12,000,000  kilos  of  potash  were  de- 
rived from  this  source  alone.  This  quantity  is  less  now,  on 
account  of  the  increased  practice  of  extracting  the  sugar 
from  the  molasses  by  osmosis  or  elution.  This  industry  has 
assumed  a  new  interest  since  the  introduction  in  France  of 
Vincent's  pro-  Viuceutfs  mcthod  for  the  utilization  of  the  products  result- 
caicinatioi)  sub- ing  from  the  carbonization  of  vinasse.    The  calcination  in 

fiSton^  ^    *    reverberatory  furnaces  is  replaced  by  distillation  in  retorts, 

a  process  yielding  an  extremely  porous  residue,  easily  Hx- 
iviated,  and  allowing  the  ammonium  salts,  trimethylamine 
salts,  and  methylic  alcohol  in  the  distillate  to  be  saved. 

PotoMimniaito  Potossium  solts  from  Stassfurth  minerals. 

from    Staasfnrth  "^  *^ 

ninemls. 

The  production  of  potassium  salts  at  Stassfurth  and  the 

neighboring  district  is  steadily  increasing.     In  1876  the 

mines  delivered  547,000,000  kilos  of  potassium  salts,  and  at 

Pn»duct  of  the  present  the  yield  is  about  2,000,000  kilos  daily,  an  amount 

mines.  Corresponding  to  about  600,000  kilos  of  chloride  of  i)otas- 

sium  daily.    The  system  of  boring  introduced  by  Douglas 

Borins  process  is  uow  iu  successfhl  Operation.    In  1877  a  boring  made  by 

•f  Dong  ^  company  south  of  Stassftirth  reached  a  rich  stratum  of 
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potasaium  salts,  20  meters  thick,  at  a  depth  of  240  meters  Pote*«*w»»  •oUm. 
from  the  surface,  below  various  deposits  of  gypsum  and 
sandstone.    But  few  changes  have  been  made  in  the  treat- 
ment of  the  salts.    Brlinner  has  brought  into  use  a  new         Br&mer's 
method  for  preparing  potassiam  sidphate  from  chloride  of™* 
potaHsium  and  kisserite  (MgS04+H20)  6f  kainite  (potas- 
siam sulphate  and  magnesia),  which  consists  in  adding 
alcohol  to  a  solution  of  the  salts.    This  causes  an  instant 
precipitation  of  potassium  sulphate,  with  small  quantities 
of  chloride  of  potassium.    After  evaporation  of  the  alcohol, 
concentration  to  1.26  sp.  gr.  causes  a  separation  of  pure 
chloride  of  potassium,  and  further  concentration  a  precipi- 
tation of  pure  camallite  (K01MgCl3+6H2O).     The  most    Pfeiffe^s  mode 
notable  improvement  in  this  industry  is  Pfeifter's  ingenious  duo. 
utilization  of  the  residues  accumulating  in  the  preparation 
of  chloride  of  potassium.    The  average  composition  of  the 
Stassfurth  deposits  is : 

Per  cent      Compoeitioii  of 


CarnalUte(KCIMgCU4-6HaO ^- ^  JSSienS****^'"^ 


ipoe: 
Sta 

vnlnorr 

Rock  salt  (NaCl) 21. 

Kisserite  (MgS04-|rH20) 15. 

Anhydrito,  boracite,  tachyliydrit«,  sand,  etc .- 5. 5 

After  the  extraction  of  the  chloride  of  potassium,  there 
remains  a  residue  of  about  30  per  cent.,  consisting  of: 

Per  cent      Residue    after 
KCl  .  .  5  ^ei^xtucWovLot  iht 

«  ' '       chloride  of  potae- 

NaCl 47.       gium. 

MgCC ,..     3.85 

MgS04 29.25 

HjO 6.50 

Insoluble 8.15 

The  residues  have  frequently  been  treated  in  winter  for  Useofthereai- 
the  extraction  of  glauber  salt,  but,  as  this  is  scarcely  remu-  aikaii'es  for^i^ 
nerative,  enormous  quantities  of  the  above  mixture  of  salts 
have  accumulated  about  the  various  works.  Pfeiffer  finds 
that  this  residue  serves  admirably,  in  its  actual  form,  as  a 
source  of  alkalies  for  common  glass.  Large  quantities  have 
already  been  introduced  into  bottle  glassworks.  In  view  of 
the  great  extent  of  these  residues,  it  will  be  found  profit- 
able to  introdace  at  Stassfurth,  in  addition,  the  new  French 
method  described  above  for  the  separation  of  anhydrous 
sulphate  of  sodium  from  the  mother- waters. 

Potassium  carbonate  is  now  manufactured  extensively   De  Gonsuiior'n 
from  the  chloride  by  De  Gk>nsilliei''s  modification  of  the  am-  theammo^pi^ 
monia  process,  viz,  the  use  of  a  very  dilute  alcohol— 35  per  ^"^ 
cent.    In  this  menstruum,  cliloride  of  potassium,  chloride 
of  ammonium,  ammonia,  and  carbonic  acid  are  easily  solu- 
ble, while  potassium  carbonate  is  almost  entirely  insoluble. 
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PotasHum  ioUs.  An  appaxatos,  working  continuously,  has  been  devised  by 
Siemens  appa-  W.  Siemeus,  iu  whlch  the  loss  of  alcohol  does  not  amount 
to  more  than  0.5  per  cent,  of  the  quantity  in  use  for  each 
100  kilos  of  potassium  carbonate. 

Soda  industry.  THE  SODA  INDUSTEY. 

Noteworthy  advances  have  be^n  made  in  this  industry 
during  the  past  few  years.    As  the  most  important  fact  re- 
vealed by  the  Exposition  of  1878  in  this  connection,  should 
be  mentioned  the  complete  vindication  of  the  ability  of  the 
Success  of  the  uew  ammouia-soda  process  to  compete  with  the  Leblanc 

•Sia  proSws!*"^*'  process,  after  having  satisfactorily  sustained  the  test  of  a 

twelve  years'  trial.  The  realization  of  this  result  has,  how- 
ever, called  forth  an  unusual  amount  of  inventive  effort 
among  those  interested  in  the  maintenance  of  the  old  sys- 
tem, especially  in  England,  which  has  resulted  in  the  intro- 
duction of  numerous  new  mechanical  contrivances  for  nearly 
all  the  processes  hitherto  in  vogue,  at  once  lessening  the 
past  dependence  on  skilled  labor,  effecting  more  thoroughly 
the  chemical  decompositions  underlying  the  process,  and 
causing  considerable  economy  in  material  and  fuel.  At  the 
Hargpeaves.  Same  time  Hargreaves's  ingenious  process,  regarde<l  by  many 
as  the  method  of  the  future,  slowly  attains  a  degree  of  per- 
fection which  may  possibly  enable  it  shortly  to  prove  the 
most  impoiiant  factor  in  finally  settling  the  status  of  the 
ammonia-soda  manufacture. 
England  the     England  Still  coutiuues  to  be  the  chief  source  of  alkali, 

Siknu.  *°°^**  ^  exporting  annually  about  275,000,000  kilos  to  supply  the 

wants  of  other  countries.  No  other  country  has  as  yet 
raised  its  manufacture  to  a  quantity  equaling  its  consump- 
tion, not  even  France,  with  her  apparently  unlimited  sources 
of  raw  material  and  advantageous  position.  It  is  in  fact 
almost  impossible  for  any  country  to  successfully  compete 
Combination  of  with  England  iu  this  branch,  on  account  of  the  rare  combi- 

iSSig^tsin?^  nation  of  circumstances  favoring  the  British  manufacturer. 

These  consist  chiefly  of  the  cheapness  of  all  raw  material 
required  and  the  enormous  interests  vested  in  the  manu- 
facture, which  admit  of  the  construction  of  expensive  appa- 
ratus,  calculated  for  a  production  far  above  that  attempted 
in  the  great  majority  of  Continental  works.  Thus,  three  of 
the  leading  establishments  on  the  Tyne  manufacture  much 
more  than  the  whole  twenty  works  in  Germany.  It  is  to  be 
remarked,  however,  that  this  great  economical  triumph  is 
Product  less  not  Combined  with  a  corresponding  purity  of  product,  and 

ST^Fra^^^i^in  this  respect  the  products  of  the  French  and  German 

oennanv.  works  are  decidedly  sui)erior.    This  overwhelming  superi- 
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ority  of  England  is  chiefly  felt  in  Germany,  where,  despite  ^^«  indutiry- 
the  perfection  of  the  chemical  management,  one-third  of 
the  works  have  been  closed  during  the  past  few  years,  un- 
able to  contend  against  the  difficulties  facing  the  soda 
indnstry  in  that  empire. 
Extensive  deposits  of  natural  soda  have  been  discovered  ,    niecoTery  of 

*^  depoelts  of  natu- 

in  Wyoming  Territory,  covering  nearly  1,000  acres.    It  is  raUoda  in  wyo- 

daimed  that  this  natural  salt  is  as  pure  as  that  occurring 

in  coomierce,  and  that  the  amount  is  sufficient  to  supply 

the  world's  demands  for  centuries  to  come.    The  realization 

of  these  expectations  may  possibly  change  entirely  the 

fntore  of  this  extensive  industry.    A  thorough  scientific 

investigation  of  these  deposits  is,  liowever,  still  wanting. 

The  amount  of  soda  obtained  from  kelp  is  now  compara- 
tiTdj  unimportant. 

The  manufacture  of  soda  from  the  cryolite  of  Greenland  is    SodAfh>moryo< 

lilo* 

now  confined  to  this  country,  with  the  exct-ption  of  a  single 
establishment  in  Denmark.  About  8,000,000  kilos  of  cryolite 
are  required  annually  for  this  branch,  of  which  6,000,000 
come  to  America. 

Large  amounts  of  sulphate  of  sodium  are  now  obtained  soiphate  of  ao- 
from  the  mother-liquors  remaining  after  the  extraction  of  motbor-uquonnt 
chloride  of  potassium  at  Stassfurth,  or  those  used  for  the 
extraction  of  the  same  salt  in  the  French  salt  gardens  by 
the  methods  alluded  to  in  connection  with  potassium  salts, 
as  well  as  from  the  mother-liquors  after  the  extraction  of 
copper  from  the  residues  of  the  pyrites  burners. 

PRODUCTION  OF  SULPHATE  OF  SODA  AND  HY-        Sulphate  ot 

DEOCHLOEIC  ACID.  ^Ai^^"^ 

The  use  of  the  time-honored  *' decomposer'^  and  "roaster'' 
for  the  changing  of  chloride  of  sodium  into  sulphate  of 
soda,  with  the  attendant  laborious  manipulation,  is  now 
being  superseded  by  more  rationally  constructed  furnaces. 
Jones  &  Walsh  have  introduced,  within  the  past  four  years,  £qJJ2SJ^^  *^^ 
a  fomace  which  is  now  in  operation  in  over  a  dozen  English 
works,  although  scarcely  out  of  the  experimental  period. 
It  consists  of  a  large,  comparatively  shallow  iron  pan  (ex-  Description, 
posed  to  a  iree  coke  fire),  in  which  the  entire  reaction  takes 
place  and  is  completed.  An  axle  passes  down  through 
the  masonry  above  the  pan  to  its  center,  and  is  provided 
with  a  system  of  projecting  branches  terminating  in  iron 
shovels.  By  the  motion  of  the  axle,  the  entire  contents  of 
die  pan  are  thus  kept  in  constant  agitation.  A  slight 
change  of  the  disposition  effects  likewise  the  discharge  by 
the  same  agency.    A  hopper  above,  with  a  conical  valve, 
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Soda  industry,  permits  the  introdiictiou  of  the  entire  charge  of  salt  w. 
once.     About  four-fifths  of  the  n^^cessary  amount  of  sul- 
phuric acid  is  admitted  by  two  or  more  leaden  tubes,  and 
jonea&waiehthe  machinery  is  set  in  motion.    The  evolution  of  hydro- 
pn>ce8«.  chloric  acid  is  extremely  regular,  an<l  there  is  no  foaming 

Chloride  of  so.  over  of  the  mass.  After  the  lapse  of  fifteen  minutes,  a 
phate  of  soda.  Small  quantity  sufficient  for  a  test  is  taken  out,  and  then 
the  exact  amount  of  acid  required  to  complete  the  reaction 
or  decomposition  is  added.  By  this  method  a  saving  of  5 
per  cent,  in  sulphuric  acid  is  effected,  and  the  temperature 
necessary  for  the  reaction  is  reduced  from  G5(P  C.  to  425^ 
C.  The  chief  difficulty  not  yet  fairly  overcome  is  the 
decomposition  of  the  last  portions  of  the  salt.  The  cost  of 
this  furnace,  with  the  necessary  steam-engine,  is  about$2,000. 
waikerWecom^  ^  reccut  improvement  is  a  revolving  pan  with  a  station- 
po«iiif(  furnace,  juy  Stirrer.  In  a  decomposing  furnace  invented  by  Cam- 
mack  &  Walker  the  process  is  continuous.  The  mixture  of 
salt  and  sulphuric  acid,  in  equivalent  proportions,  enters  at 
one  end  of  a  long,  horizontal,  cylindrical  rotating  furnace, 
and  issues  at  the  oppositi*  end  in  the  form  of  sulphate  of 
sodium.  The  technical  difficulties  attending  the  removal  of 
the  sulphate  have  not  yet  been  entirely  overcome. 

While  Jones  &  Walsh  aim  at  the  economical  transforma- 
tion of  salt  into  sulphate  of  sodium  by  means  of  sulphuric 
Har^eaves  &  acid,  Hargrcavcs  &  Robinson,  by  a  method  patented  in 
pbateotwap^'1870,  scck  to  iutroducc  a  much  more  radical  change,  viz,  to 
*****  leave  out  the  m.ijor  part  of  the  processes  now  involved  in 

the  manufacture  of  sulphuric  acid,  and  effect  the  forma- 
nringing  the  tion  of  sulphatc  by  bringing  the  gases  usually  conducted 

sulphur       gases  ^  *'  oo  ,,, 

produced       by  from  the  pvritcs  bumcrs  to  the  lead  chambers  m  company 

fOQStiDir   p\Tite8 

in  contact  with  with  Steam,  directly  into  contact  with  chloride  of  sodium  at 

chloride  of  sodi-    _  rw^i  ^. 

um.  the  proper  temperature.    The  reaction — 

2NaCl+S02+0-j-H20=Na2S04+2HCl— 

is,  theoretically,  a  vastly  simpler  process  than  that  at  present 
involving  the  construction  of  vitriol  chambers,  the  consump- 
tion of  nitrogen  cojupounds,  and  the  concentration  of  the 
resultant  sulphuric  acid,  as  well  as  the  incomplete  action 
of  the  best  decomposers.  So  far  as*  the  chelnistry  of  the 
reaction  is  concerned,  the  experimental  period  has  been  sat- 
isfactorily passed,  and  for  sevei-al  years  the  inventor's  efforts 
have  been  directed  to  the  solution  of  the  numerous  mechani- 
cal and  thermal  problems  on  which  the  success  of  a  new 
method  is  so  dependent. 
ProceM  is  in  At  prcscut  the  method  is  in  satisfactory  operation  in  at 
"***      ^^        least  three  large  English  establishments,  and  on  trial  by 
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several  others.    In  these  works,  where  all  the  chief  techni-   ^^  indv^ry. 

cal  dfficnlties  have  been  overcome,  it  must  be  confessed 

that  success  demands  the  incessant  watchfulness  of  a  sc'ien-  R^bin^n's  '2ocu» 

tiHc  man,  and  has  been  attained  at  no  slight  financial  out-  process. 

lay.    Thus,  Stevenson  &  Co.  have  expended  over  $150,000 

in  introducing  thei  new  process  into  their  works. 

The  process,  as  now  in  operation,  is  essentially  as  follows :  Deacnptioa  of 
Both  rock  and  brine  salt  are  adapted  for  the  manufacture,  p"**^****- 
In  either  case  the  salt  is  finely  powdered,  then  slightly  . 
moistened,  and  pressed  into  small  uniform  cakes  about  1^} 
inches  in  diameter,  which  are  thoroughl3'  dried.*  These 
dried  and  porous  cakes  are  next  introduced  into  cast-iran 
i^hnders,  where  they  remain  without  further  manipulation 
nntil  changed  into  sulphate.  The  cylinders,  12  feet  high 
and  15  feet*4n  diameter,  are  placed  together  in  a  battery  of 
never  less  than  eight,  and  in  one  instance  as  many  «s  twenty. 
Experience  shows  that  the  proportionate  consumption  of 
QOal  decreases,  and  the  production  of  sulphate  in  the  cylin- 
ders increases,  in  a  certain  ratio  to  the  increase  in  the 
number  of  cylinders.  Each  cylinder  contains  about  40,000 
kilos  of  sulphate  at  the  end  of  the  reaction.  The  cylin- 
ders are  so  united  with  each  other  that  gas  entering  at  one 
end  of  the  battery  ha«  to  pass  through  the  entire  length 
of  each  cylinder  before  issuing  from  the  other  end  of  the 
series.  The  arrangement  of  a  battery  to  allow  of  the  in- 
dividual cylinders  being  heated  in  all  parts  equally,  and 
to  maintain  the  necessary  temperature — 450^  C,  a  dull-red 
heat — for  fourteen  to  twenty  days,  the  time  required  for  the 
completion  of  the  reaction,  without  overpassing  the  amount 
of  fuel  required  in  the  old  method,  has  presented  a  serious 
problem  for  solution.  Hargreaves  has  overcome  thediffi-^^T^«  from  th 
culties  so  ably,  however,  that  bv  taking  advantage  of  the'^^^f^iontii^*;^'*! 

*"  7  .  o  o  ^^Y^y  more  than 

heat  resulting  from  the  reaction-^of  itself  theoretically  more  safflcient. 
than  sufficient  to  supply  all  the  heat  needed— and  of  the 
heat  of  the  gases  issuing  from  the  pyrites  burners,  the  con- 
sumption of  coal  for  the  single  pdrpose  of  heating  the  cylin- 

*  All  excellent  salt  for  this  purpose  is  obtained  by  the  lately  iutro-  ^  ^phVs  method 
„  ^  ,  ,    .         ,  .  ^  ,    .  .  1  .   .      1      fortheconcentrn- 

Jacecl  method  of  Pohl  tor  the  concentration  of  bnnes,  in  which  the  tion  of  briDeM. 

flame  in  conducted  between  the  bottom  of  one  evaporator  and  the  sur- 
face of  the  brine  in  a  second  evaporater  immediately  below  the  tirst. 
By  this  method  the  salt  in  the  lower  pan  is  separated  in  a  finely 
divided  state,  and,  although  blackened  somewhat  by  falling  soot,  serves 
admirably  for  the  new  sulphate  process.  The  reduction  of  the  amount 
of  fuel  nec4?8sary  to  evaporator  a  certain  quantity  to  one-third  of  the 
amount  hitherto  required,  as  effected  by  Pohl's  new  method,  may  have 
aD  important  bearing  on  the  future  of  Hargraves's  process,  as  PoIiVs 
salt  is  badly  adapted  for  ordinary  sulphate  manufacture  on  a<;count  of 
its  fine  state' of  division. 
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Sodainduttry.  clers  is  reduced  to  50  kilos,  or  5  per  cent.,  per  1,(K)0  kilos 
of  sulphate  in  a  battery  of  twenty  cylinders.     To  this 
rS^o?J^8o^  amount  must  be  added  i  hat  necessary  for  the  preparation  of 
procew.  the  chloride  of  sodium  and  for  the  supply  of  steam,  bringing 

up  the  total  percentage  to  about  25  per  cent,  or  250  kilos, 
^rpen^tureof  of  coal  per  1,000  kilos  of  sulphate,  a  result  in  all  resiiects 
kilos  sulphate,    satisfactory  as  compared  with  the  amount  demanded  in  the 

formation  of  sulphate  by  the  usual  methods.    The  current 
of  sulphurous  anhydride,  air,  and  superheated  steam  enters 
the  cylinder  in  which  the  reaction  is  nearest  completion,  and 
passes  through  cylinders  containine^  less  and  less  of  sul- 
phate, until  the  mixture  of  gases  and  vapor  is  deprived  of  all 
or  nearly  all  sulphurous  anhydride,  and  it  reaches  the  last 
cylinder,  containing  salt  scarcely  attacked,  and  issues  from 
thence  ladened  with  hydrochloric  acid  to  the  condensing 
towel's.    About  2  per  cent,  of  the  sulphurous  acid  is  lost — 
a  quantity  scarcely  worthy  of  consideration  in  comparison 
with  the  losses  in  sulphuric  acid  manufacture  and  the  old 
BeflUing  the  sulphatc  fumacc.    When  the  contents  of  the  cylinder  nearest 
versin^hedii-^'  the  kilus  havc  bccu  entirely  transformed  into  sulphate,  an 
Ski  ^A^^^^  ingenious  arrangement  permits  the  switching  out  of  that 

cylinder  from  the  circuit,  to  be  emptied,  refilled  with  salt, 

and  replaced  in  the  circuit  as  the  last  member  of  the  series. 

wpercent^pSef^^®  sulphatc  produccd  contaius  often  over  99  per  cent,  of 

sulphate  of  soda.  The  inventors  are  constantly  improving 
the  mechanical  arrangements  of  the  apparatus. 
AdvMtoges  of  The  chief  advantages  of  the  system,  as  now  perfected,  are, 
(1)  economy  resulting  from  the  suppression  of  the  manufact- 
ure of  sulphuric  acid ;  (2)  a  much  purer  sulphate  than  that 
hitherto  obtained;  (3)  independence  of  skilled  labor;  (4) 
absolute  freedom  from  escapes  of  hydrochloric  acid  during 
the  operation  ;  (5)  regular  development  and  easy  condensa- 
tion of  the  hydrochloric  acid  ;  and  (6)  small  loss  of  sulphur. 
The  principal  objections  are  the  great  expense  of  the  plant, 
increase  of  unskilled  manual  labor,  and  frequent  increase 
in  consumption  of  coal.  At  its  present  Binge  of  develop- 
ment it  is  extremely  probable  that  after  a  few  years,  with 
their  attendant  capital  of  accumulated  experience,  this  new 
process  will  have  conquered  a  permanent  place  in  the  alkali 
industry. 
Jones  &  Walsh  In  the  Condensation  of  the  hydrochloric  acid  evolved  in 
SrasiDg  the  ^by.  the  preparation  of  sulphate,  a  valuable  improvement  is  due 
**  **  ^^^  *  to  Jones  &  Walsh,  the  inventors  of  the  furnace  described 
above.  It  consists  in  passing  the  hot  gases  issuing  from  the 
furnace  through  a  stone  trough,  in  the  cover  of  which  are 
numerous  openings,  permitting  the  entrance  of  jets  of  fine 
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spray.    The  effect  of  this  fine  shower-bath  on  the  passing  ^<^  industry. 
gases  is  to  cool  them  off  and  free  them  from  the  smoke  and 
particles  of  dust  conv  jyed  from  the  furnace.    The  exposun^  piJSSf  i^^n- 
to  the  bath  is  too  short  to  allow  of  any  great  absorption  of  fj^^a^i^^^^ 
hydrochloric  acid,  while  in  consequence  of  its  cooling  effect 
the  absorption  in  the  regular  coke  tower  is  very  perfect,  and 
the  acid  condensed  there  is  of  good  quality.    The  arrange- 
meot  is  naturally  intended  chiefly  for  furnaces  where  the 
flame  comes  in  direct  contact  with  the  sulphate.    The  con- 
densation of  hydrochloric  acid  in  French  works  is  usually 
accomplished  very  thoroughly  by  passing  the  gas  through 
a  system  of  Woulff's  bottles. 

Conversion  of  sulphate  into  crude  soda  by  Leblan&s  process.  ^^  guPtSIe^So 

crude  soda  by  Le- 

For  this  purpose  the  use  of  revolving  furnaces  is  becom-  i>ianc'8proceM. 
ing  more  general  in  England,  although  but  little  progress 
has  beea  made  in  this  direction  on  the  Continent.    An  inno- 
vation of  great  importance  has  been  introduced  by  Mactear 
in  the  process,  which  secures  considerable  economy  in  the 
varions  steps  of  the  operation.     Hitherto  it  has  been  usual 
to  add  to  100  parts  of  sulphate  90  to  125  parts  of  chalk,  in- 
stead of  the  70  parts  theoretically  required.    This  excess  has 
been  regarded  as  necessary  in  order  to  prevent  the  forma- 
tion of  hard  compact  masses  of  ball-soda,  practically  insolu- 
ble in  water^  which  ensues  when  merely  the  exact  equiva- 
lent of  chalk  is  added.    Miictear  overcomes  this  difficulty  in    Mactear's  im- 
the  following  manner :  The  mixture  of  small  coal,  sulphate  Im^tr^  RasM^ 
of  sodium,  and  the  equivalent  quantity  of  limestone  is  in-JSce.^"^ 
troduced  into  the  revolving  furnace  invented  by  Elliott  & 
Bnssel  and  improved  by  Mactear.    A  slow  motion  is  main- 
tained until  the  fusion  is  complete.    A  small  quantity  of  ^jj^®*JJJp^°  JJ 
caastic  lime,  in  coarsely  pulverized   fragments,  is   then^<>™P- 
added,  and  the  furnace  is  kept  in  motion  until  the  lime  is 
evenly  distributed  throughout  the  mass,  and  is  then  rapidly 
emptied.    When  the  crude  soda  thus  prepared  is  brought 
in  contact  with  water,  the  mechanical  action  incident  to 
the  slaking  of  the  fragments  of  lime  renders  the  entire  mass 
so  porous  that  its  lixiviation  is  accomplished  with  the  great- 
est ease.    The  advantages  resuK  ing  from  this  simple  change    AdTaotagen. 
are  manifold.    The  productive  capacity  of  the  furnaces  is 
increased  from  50  to  70  per  cent.,  both  coal  and  time  being 
saved;   the  decomposition  of  the  sulphate  is  more  com- 
plete ;  the  weight  of  the  entire  mass  is  diminished  by  20  per 
cent.,  thereby  lessening  the  expense  of  handling  and  the 
amount  of  soda  retained  by  the  residues ;  there  is  a  gene- 
ral saving  of  frY)m  $1.25  to  $2.50  on  the  ton  of  soda  ash  (48 
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Soda  industry,  p^r  cent,);  ihe  regeneration  of  sulphur  from  the  soda  waste 

is  furthered — ^the  success  of  this  process  depending  on  the 

Mict«ar'8  im-  concentration  ofthelvcs  and  the  absenceof  carbonate  of  lime ; 

proved  prooeAS.  ' 

finally,  the  soda  obtained  is  as  pure  as  that  resulting  from  the 
ammonia  process — a  fact  of  the  first  importance  for  the  latter 
industry,  in  view  of  its  chief  claim,  viz,  the  production  of 
an  almost  pure  product.  The  only  objection  brough  t  against 
the  new  method  is  the  increased  percentage  of  sulphide  of 
sodium  in  the  crude  soda  obtained. 

reactions.  **'  ^^^     "^^^  reaction  takiug  place  in  the  decomposition  of  sulphate 

of  sodium  has  been  carefully  studied  by  Mactear.     He  finds 
that  the  following  reactions  occur  according  to  the  tempera- 
ture: 
Above  a  red  heat —  . 

Na^804+4C=]SraaS+4CO. 

At  a  dull  red  heat— 620O-700o  C— 
3Na,S04+6C=Na^C03+Na^S2+Na28+4COj+CO. 

Formation  The  formation  of  considerable  quantities  of  sulpho-cyanide 
SmifSS^o^yJSide  a^^d  ferro-cyanide  of  sodium  in  the  soda  process  has  been 
of  sodium.         observed.     Works  producing  daily  15,000  kilos  of  crudesoda 

would  produce  ;jnnually  about  6,500  kilos  of  tVrro-cyanide 
and  3,250  kilos  of  sulpho-cyanide  of  sodium. 
Presence  of  oy-     The  prescucc  of  cyauidcs  in  crude  soda  has  often  b.  en  re- 

anides  in   cmde  ,tw^..,         .  «  i  .11  ^  ^t     • 

sodium.  marked.    Pechmey  has  mtroduced  a  method  to  prevent  theur 

formation,  which  consists  simply  in  the  addition,  at  the  end 
of  the  usual  decomposition,  of  a  small  additional  quantity 
of  sulphate  of  sodium  sufficient  to  oxidize  the  cyanides  pres- 
Query:  as  to  cut.    Chcmists  are  not  yet  united  on  the  source  of  the  nitro- 
nUroi"^***'^*^®gen  or  the  reaction  to  which  the  cy  nides  owe  their  forma- 
tion. 
Harpreaves  &,     HarcTcaves  &  Robiuson  propose  a  fusion  of  ihe  sulphate 

Robinson  s    pro-  "  r      jt  m. 

o©»»  with  coal  and  oxide  of  iron  (or  manganese  or  zmc)  m  large 

crucibles  with  perforated  bottoms.  The  crude  soda  flows 
out  through  the  openings,  and  the  residual  sulphides  are 
oxidized  by  exposure  to  moist  air.  This  process,  first  pointed 
out  as  early  as  1775  by  Malherbe,  unsuccessfully  tried  by 
Albau,  was  thought  to  be  perfected  in  1854  by  B.  Koj>p  and 
Stromeyer,  who  fused  the  materials  in  the  usual  soda  fur- 
Nature  of  thonace,  where  the  conversion  takes  place  as  follows  : 

conversion. 

2Fe203+3Na2S04+16C=Fe4Na^S,+  14CO+2C02. 

This  crude  mass  is  exposed  to  air,  water,  and  carbonic 
acid,  which  convert  the  sulphuret  of  sodium  and  iron  into 
carbonate  of  sodium  and  a  double  sulphide  still  containing 
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sodium,  which,  by  roasting,  is  converted  into  oxide  of  iron,  ^«*»  induttry. 
sulphate  of  sodium,  and  sulphurous  anhydride : 

Fe4Na6S3+20-|.2C02=L>Na,C03+Fe4Na,83;  iio^S?rpr,^ 

re4Na2S3+140=2Fe203+Na^S04+2S02.  ^"•^ 

This  method  was  abandoned  after  it  was  found  to  be  unable    iTnabio  to  com 

Eete      with     Lc- 
^ ^_._    ^ ^ lime's  process. 

ess,  so  admirable  from  a  theoretical  point  of  view,  is  de- 
fective in  one  essential  respect,  which  is  that  it  entails  a    Defects, 
considerable  loss  of  sulphur,  which  escapes  in  the  course  of 
the  operation  in  the  form  of  sulphureted  hydrogen. 

The  evjiporation  of  the  soda  lye  is  usually  effected  in  thf ISS!!Te^°  **^ 
England  by  passing  over  it  the  flame  from  the  crude  soda    i^  Engiiuni 
furnace.    In  Germany  it  is  not  customary  to  utilize  the 
flame  in  this  way,  on  account  of  the  deposition  of  impuri- 
ties in  the  soda.    In  France  and  Germany  it  is  now  usual  q^^^^  ^°'^ 
to  accomplish  the  crystallization  in  comparatively  small  res- 
ervoirs— a  decided  saving  in  time  having  been  found  to  re- 
sult from  their  use. 

Thelen  has  introduced  for  the  purpose  of  evaporation  a  Theien'spiau 
series  of  pans  consisting  of  long  half  c^  linders.  By  the  con 
tinuous  movement  of  an  axle — corresponding  to  the  axis  of 
the  cyhnder — to  which  inclined  rakes  are  attached,  the 
salt  gathering  on  the  bottom  during  the  evaporation  is 
gradually  pushed  toward  one  end,  where  a  shovel,  continu- 
ously working  in  a  circle,  accomplishes  its  removal  from  the 
pan. 

For  the  process  of  calcination  Ms'ctear  has  introduced  a    Mactenr's   re 

^  vol  viDg  calcium^ 

revohmg  furnace  which  dispenses  with  the  exhausting  man-  fumace. 
ual  labor  hitherto  necessary  for  tbis  operation.  It  calcines 
weekly  100,000  kilos  of  soda,  an  amount  heretofore  de- 
pendem  on  the  work  of  twelve  skilled  operativ^es.  Its  use 
is  said  to  result  in  a  saving  of  GO  per  cent,  in  labor  and  30 
per  cent,  in  fuel  as  compared  with  the  old  fixed  furnace. 

Regeneration  of  sulphur  from  soda  waste.  ^^  iSi^hur^-hlm 

soda  waste. 

The  method  for  regenerating  the  sulphur  contained  in  the 
residues  from  the  lixiviation  of  ball-soda  are  now  so  perfect, 
and  are  being  so  widely  extended,  that  they  afford  one  of 
the  most  striking  examples  in  modern  technical  chemistry 
of  the  utilization  of  a  waste  product  loading  the  air  with 
noxious  gases  and  long  considered  as  worthless. 

With  the  present  perfection  of  the  processes,  the  greater    Nearly  ixifict 
part  of  the  sulphur  m  the  pyrites  used  m  the  manufacture  phur  in  a  pan 
of  acid  for  the  alkali  industry  finally  enters  commerce  in  a  ""° 
pure  form,  after  having  passed  from  the  form  of  sulphide  of 
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sodainduttry.  irQ^  successively  throagh  those  of  snlphnroas  anhydride, 
of  a^^hSJ^rom  ^^^P^^^  *^^>  snlphate  of  sodiam,  sulphide  of  calciam,  and 
soda  waste.        polysulphides  or  hyposulphite  of  calcium. 

The  following  methods  of  regeneration  are  now  in  vogue: 

Mond'smethod.  MofuPs  method. 

The  residues  are  oxidized  by  the  passage  of  a  current  of 
air  through  the  mass.  When  the  oxidation  is  so  far  ad- 
vanced that  the  lyes  contain  1  molecule  of  hyposulphite  to 
2  molecules  of  sulphide,  the  sulphur  is  precipitated  in  open 
vats  by  the  addition  of  hydrochloric  acid — 

20aS+ CaS203+ 6HC1 =30aCl2+ 4S + SHjO. 
methJ''**'"''  Schaffrun's  method. 

DesoriptioD  of  The  air  is  allowed  to  act  for  several  weeks  upon  the  soda 
e  prooefls.  y^Q^^^  piled  in  heaps,  where  a  gradual  heating  of  the  mass 
takes  place,  with  the  production  of  polysulphurets,  and  fin- 
ally hyposulphite.  The  material  is  then  lixiviated  and  the 
residues  again  exposed  to  the  oxidizing  action  of  the  atmos- 
phere ;  another  lixiviation  followed  by  another  exposure,  and 
so  on  till  three  or  four  lixiviations  of  the  mass  have  been 
made,  practically  exhausts  it.  The  hot  chimney  gases  are 
passed  through  to  accelerate  the  conversion  of  the  sulphide 
of  calcium  into  hyx)osulphite,  as  they  have  been  found  to  be 
well  adapted  for  the  purpose,  and  to  reduce  the  duration  of 
the  operation  from  several  days  to  eight  or  ten  hours.  The 
liquors  from  the  different  lixiviations  are  all  collected  in  one 
receptacle,  and  hydrochloric  acid  added,  which  precipitates 
sulphur  and  expels  sulphurous  acid — 

CaSa03+2HCl=CaCl2+S02+S+HaO. 

The  sulphurous  acid  is  caused  to  pass  through  solutions 
containing  polysnlphides  of  calcium,  which  determines  a 
precipitation  of  a  part  of  their  sulphur,  leaving  the  remain- 
der in  the  state  of  hyposulphite,  ready  for  the  action  of  hy- 
drochloric acid — 

2CaSx+38Oa=20a8,O3+ Sx. 

HeiwSwSof  Scjte#ier  cfe  HeUng's  met1u>d. 

The  processes  adopted  and  used  for  the  past  fifteen  years 
for  the  recovery  of  the  sulphur  from  soda  waste  have  al- 
most universally  been  similar  to  those  described  above, 
and  based  on  the  same  principles.  They,  even  when  most 
successfully  practiced,  do  not  allow  of  more  than  50  to  60 
per  cent,  of  the  sulphur  contained  in  the  residues  to  be 
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recovered  as  such,  while  the  lime  and  the  remainder  of  soda  industry. 
the  solphar  forms  a  secondary  waste  product  which  is  not     B^generation 

of  siilphiir  from 

utilized  at  all,  and  to  get  rid  of  which  is  expensive.  aodA  waste. 

The  method  of  Schaflher  &  Helbig  has  for  its  object  the       Sohaiber  & 

Helbig's  method. 

recovery  of  practically  the  whole  of  the  salphnr  and  lime 
in  the  residues,  both  in  a  state  especially  adapted  for  reuse 
in  the  soda  industry.  It  is  based  principally  on  the  fact  (1) 
of  the  possibility  of  applying  the  chloride  of  magnesium  to 
the  decomposition  of  the  sulphide  of  calcium,  according  to 
the  following  equation : 

OaS+MgCla+H20=CaCl«+MgO+Ha8 ;  Theory  of  th« 

proooM. 

and  (2)  by  the  reaction  which  takes  place  when  sulphureted 

hydrogen  and  sulphurous  anhydride  in  proper  proportions 

come  together,  resulting  in  the  production  of  sulphur  and 

water — 

2H28+80a=38+2HaO. 

The  sulphurous  anhydride  taking  part  in  this  reaction  is 
derived  from  the  combustion  of  pyrites,  of  sulphur,  or  of  a 
part  of  the  sulphureted  hydrogen  itself. 

The  inventors  state  that  they  have  discovered  a  means  of  ,  ^  ProTention 

of  the  formatioii 

Obviating  the  formation  of  pentathionic  acid  and  other  sul  of  pentathionic 
phar  compounds  which  are  usually  produced  in  the  reaction 
hetween  sulphureted  hydrogen  and  sulphurous  anhydride, 
by  employing  solutions  of  chloride  of  calcium  or  chloride 
of  magnesium  as  solvents  for  the  gases. 

The  magnesia  resulting  from  the  reaction  of  chloride  of 
inagnesium  on  sulphide  of  calcium  is  reconverted  into  chlo- 
ride by  means  of  chloride  of  calcium  and  carbon  dioxide — 

MgO+ CaCla+ GOa =MgCl2+ CaCOa. 

The  following  advantages  are  claimed  tor  this  method :  Adwi^i 
(1)  It  is  simple  and  safe;  (2)  the  treatment  of  residues  re- 
quires much  less  time  than  is  necessary  in  the  methods 
hitherto  employed  for  the  same  purpose;  (3)  the  expense 
for  labor  is  less  than  by  older  processes;  (4)  it  is  practicable 
to  recover  90  to  95  per  cent,  of  the  sulphur  contained  in  the 
waste,  against  50  to  60  per  cent,  by  the  usual  means ;  (5)  70 
to  75  per  cent,  of  all  the  lime  contained  in  the  residues  are 
regenerated  in  a  proper  form  and  condition  to  be  used  again 
in  the  soda  fabrication;  and  (6)  the  total  expense  in  the 
regeneration  of  sulphur  is  much  less  than  formerly. 

The  reader  is  referred  to  the  accompanying  plates  for 
figures  and  explanations  of  the  apparatus  for  the  regenera> 
tioo  of  sulphur  and  of  carbonate  of  lime  by  this  new  process 
of  Schafiber  &  Helbig. 


M  af 


§; 
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Sadainduttry.   8CHAFFNER  &  HELBIG'S  METHOD  FOR  THE  REGENERATION 

OF  SULPHUR. 

Reg^eneration  EXPLANATION  OF  THE  PLATES, 

of  aiilpnar  from 

soda  wa8t€>.  ^^e  same  letters  refer  to  the  same  parts.) 

SchafEher  Sc  '^'  Ftmnels  condaotiiig  the  "waste"  into  the  salohoreted  hydrogen  genoratoir. 
Helbiff's  method    ®'  ^®®*®1  ^^^  *^®  disengagement  of  sulphureted  nydrogen,  with  stirrer. 

'^  '   C.  Decomposer  for  the  reaction  of  sulpburetcd  hydrogen  and  sulphurous  acid. 

D.  Receptacle  for  the  precipitated  sulphur,  with  stirrer. 
£.  Machine  for  moving  stirrers. 

F.  Filter  for  the  sulphur. 

G.  Cistern  for  liq^uids  from  filter  F. 

H.  Pump  for  raismg  the  solutions  to  the  r«>servoir  for  the  decomposer. 
J.  Beservoir  surmounting  decomposer. 
K.  Cylinder  provided  with  stirrer  for  fusing  the  sulphur. 
L.  Machine  J'or  moving  stirrer. 
M.  Settling  vessel  for  scorite,  with  stirrer. 
N.  Machine  for  moving  stirrers  in  B  and  C  and  the  screw  in  A. 
O.  Reservoirs  for  magnesia  and  chloride  of  calcium,  with  stirrer. 
P.  Pumps  for  raising  solutions  of  cloride  of  calcium  with  magnesia  into  the  carbon- 
ators. 

Carbonators. 

Settling  vessels  for  carbonate  of  lime. 
S.  Filters  for  the  carbonate  of  lime. 
T.  Cisterns  for  solutions  of  chloride  of  magnesium  coming  from  the  carbonate  of 

lime  settling  vessels. 
IT.  Cistern  for  the  wash -waters  from  chloride  of  magnesium. 
Y.  Pump  for  raising  solution  of  chloride  of  magnesium  to  the  reservoirs. 
W.  Reservoirs  for  the  solution  of  chloride  of  magnesium. 
a.  Railwav  for  the  transport  of  "waste." 
a*.  Screw  for  charging  "waste"  through  the  funnels. 
h.  Conducting  tubes  for  the  sulphureted  hydrogen. 

rwuni^     .         f  6*     s  ^^^*^°^^  tubes  for  the  sulphureted  hydrogen  into  the  decomposers, 
the  plates.  ^*    (  Entrance  tubes  for  the  sulphurous  acid  into  the  decomposers. 

d.  Communication  of  the  decomposers  with  the  chimney. 
^'    ?  Conduit  tubes  to  the  decomposers. 

e.  Trough  for  draining  off  liquid  holding  precipitated  sulphur  to  the  settling  xr— oin 
e\.  Communication  between  the  settling  vessels. 

0s.  Bevel-wheels  to  stirrers  of  settling  vessels. 

/e.  Tubes  for  drawing  the  sulphur  on  the  filters. 

/i.  Overflow  pine  of  the  settling  vessels. 

/s.  Stop-cocks  for  drawing  off  filtered  liquors. 

/s.  Stop-cocks  for  drawiug  of  contents  of  filters. 

g\.  Trough  for  liquid  running  from  settling  vessels. 

OS.  Trough  for  the  contents  of  the  sulphur  filter. 

n\.  Tube  for  aspirator  or  pump  H. 

ht.  Tube  for  filling  tank  surmounting  decomposers. 

y    >  Tubes  for  distributing  the  solution  fix>m  J  to  the  decomposers. 

h.  Railroad  for  transport  of  sulphur  to  melting  boiler. 
k\.  Trough  leading  on  water  firom  the  sulphur-melting  boiler. 

fc   \  (^^g  \  ^""^  s'llphur.meltlng  boUers. 
mi.  bpout  for  orawing  off  mixed  liquors. 
nn.  Spout  for  drawing  off  settled  liquors. 
ms.  Discharge  for  residues. 
nu.  Railroad  for  transport  of  residues. 

n«.  Shaft  of  machine  moving  the  charidng  screw  of  ftmnels. 

Ilk.  Shaft  of  machine  moving  stirrers  m  vessel  for  disengagement  of  E[S. 
nm-  Shaft  of  machine  moving  stirrer  in  settling  vessels. 

o.  Trough  for  distributing  the  lyes. 
p\.  Tube  of  aspirator. 

p%.  Tube  of  pumj)  for  raising  solutions  of  chloride  of  calcium  and  magnesia  to  oarbon- 
i^rs. 

q.  Carbonic  acid  conduit  from  blowing-engine. 

^'    \  Conduit  tubes  for  carbonic  acid  leading  to  carbonators. 

r.  Discharge  pipe  for  carbonate  of  lime  to  settling  vessel, 
n.  Stop-cock  tor  drawing  off  chloride  of  magnesium  solution. 
n.  Trough  for  chloride  of  magnesium  lessives. 
«i.  Stop-cock  for  drawing  off  the  mud  from  filter, 
•i.  Railroad  for  transport  of  carbonate  of  lime  tc  the  driers. 
ti.  Pipes  for  the  strong  chloride  magnesium  lessives. 
fe.  Pipes  for  wash- waters  of  the  filters, 
u.  Trough  for  the  wash-waters. 

^   I  Pump  and  tubes  for  raising  solution  chloride  magnesium  from  cistern  to  W. 

w.  Stop  oock  and  tube  for  supplying  chloride  magnesium  to  vessel  B. 


■\ 
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Krau88haar^8  method.  soda  induttry 

By  this  method  the  residues  are  exposed  to  the  actiou  of  ,  ^k?*®*^**" 

*'  ^  of  sulphur  m>iD 

water  out  of  contact  with  air.     Under  these  conditions  "^^^  ^••te- 
hydrate  of  lime  and  snlphydrate  of  calcium  are  formed. 
When  the  mass  is  then  exposed  to  the  action  of  the  air 
polysulphides  are  first  formed  and,  later,  hyposulphite.    The      kthubsImuu''* 
oxidation  is  interrupted  at  the  point  where  the  lyes  contain  ™®^**^ 
one  molecule  of  hyposulphite  and  one  molecule  of  snlphy- 
drate to  two  molecules  of  sulphite  of  calcium,  and  hydro- 
chloric acid  added  precipitating  the  sulphur  and  causing  no 
disengagement  of  sulphureted  hydrogen.     The  process  is 
continuous,  acid  and  lye  entering  at  the  bottom  of  a  heated 
reservoir  and  sulphur  flowing  off  at  the  upper  part. 

Mactear^s  method,  jtfaoteM*»meth. 

In  this  method  use  is  made  of  the  liquor  obtained  by  the    Three  modifl- 
natural  drainage  of  accum  ulated  heaps  of  soda  waste.    There  °*****°* 
are  three  modifications  of  it :  (1)  A  small  quantity  of  lime 
is  added  to  the  liquors  and  sulphurous  anhydride  is  intro- 
duced.    The  solution  is  then  decomposed  by  hydrochloric 
acid  at  60o  C.    While  the  results  are  good,  it  is  difficult  to 
completely  avoid  the  evolution  of  sulphureted   hydrogen. 
(2^  The  modification  in  successful  operation  during  the  past 
five  years.     An  aqueous  solution  of  sulphurous  acid  ob- 
tained from  pyrites  or  regenerated  sulphur  is  added  to  the 
yellow  liquors,  and  the  mixture  is  decomposed  by  a  stream 
of  hydrochloric  acid  in  a  decomposing  vessel  at  620  C.    A 
plant  costing  $10,000  gives  a  yield  of  thirty-five  tons  weekly 
at  a  cost  of  about  $15  per  ton.     (3)  For  yery  weak  liquors, 
a  solution  of  bisulphite  of  lime  in  sulphurous  acid  is  used, 
the  bisulphite  being  obtained  from  old  waste  heaps.    Mac- 
teai'  finds  it  more  economical  to  use  hydrochloric  acid  for 
the  regeneration  of  sulphur  than  in   the  manufacture  of 
bleaching  powder.      The  sulphur  obtained  by  all  these 
methods  is  purified  by  Schaffner's  process,  viz,  fusion  in 
steam  at  a  pressure  of  1%  atmospheres.    As  executed  in 
Schaffner's  own  works  this  process  gives  a  regenerated  sul- 
phur the  exact  appearance  of  the  Sicilian  article,  and  frees 
itfix)m  the  odor  of  sulphureted  hytirogen  hitherto  clinging 
Persistently  to  sulphur  obtained  by  these  processes  of  re- 
generation. 

Hewitt.  «^^^^-  P~- 


oeM. 


Imposes  to  fuse  soda  waste  with  silica  in  a  current  of  air, 
<)btaining  thereby  sulphurous  and  sulphuric  acid,  together 
^th  silicate  of  lime. 
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Soda  indui^ry.  Ammonia-aodo. 

pr^MbyRsS^     The  ability  of  this  new  method  of  soda  manufectore  to 
vay  of  Mginm.  maintain  its  existence  and  successfully  complete  with  the 

Leblanc  process  can  now  be  regarded  as  fully  settled,  al 

though  more  than  once  since  the  recognition  accorded  to 

the  unbounded  ingenuity  and  perseverance  of  E.  Solvay  at 

Belgium,  in  1873  doubts  have  been  expressed  by  leading 

authorities  as  to  its  eventual  success. 

wSh^thSpiJSMfl     When  this  process  shall  have  become  possessed  of  a  fund 

Mi^^ettiiL^  ^^  experience  as  ample  as  that  on  which  the  Leblanc  process 

biano  procew.     jg  bascd,  it  is  scarccly  to  be  supposed  that  the  latter  will  be 

able  longer  to  maintain  its  existence.  StiU,  the  amount  of 
experience  underlying  the  new  method  is  by  no  means  small. 
The  nature  of  The  simplicity  of  the  fundamental  reaction  in  the  manu- 
facture— ^the  decomposition  of  common  salt  in  solution  by 
bicarbonate  of  ammonium  into  insoluble  bicarbonate  of 
sodium  and  chloride  of  ammonium,  and  the  regeneration  of 
the  ammonia  by  treatment  with  lime— as  contrasted  with 
the  cycle  of  reactions  involved  in  Leblanc's  process,  attracted 
the  attention  of  technical  chemists  long  since.  As  early  as 
1838,  the  method  was  patented  in  England  by  Dyar,  Gray, 
Harrison,  and  Hemming.  The  great  expectations  then 
harbored  of  a  revolutioa  in  the  soda  manufacture  were, 
Tu  htetory  of  ho wcvcr,  uot  realized.  Subsequently  extensive  experiments 
were  made  by  Deacon  and  by  Gtossage  at  Widnes  (1855) ; 
by  Bowker  at  Leeds,  and  by  Muspratt  at  Newton,  in  En- 
gland; by  Schlosing  and  Eollaad  at  Puteaux  (1855);  by 
Tilrk  at  Nancy  (1854);  by  Nickles  at  Nancy  (1865);  by 
Margueritte  and  Lourdeval  at  Paris  (1866),  in  France ;  and 
^^^  Partial  TOO.  at  Vilvorde,  in  Belgium  (1842).     Failure  attended  all  of 

these  attempts  with  the  exception  of  that  of  Schlosing  and 

Holland,  which  from  other  circumstances,  however,  was 

short  lived,  chiefly  on  account  of  the  imperfections  of  the 

iMfflooities  en.  apparatus  used.    Simple  as  are  the  reactions  occurring  in 

eooQomicai  exe.  the  proccss,  their  ecouomical  execution,  and  especially  the 

oreticaUy  shnp^  avoidaucc  of  a  los8  of  the  costly  reagent  ammonia,  demanded 

pioceM.  apparatus  of  a  very  much  more  complicated  character  and 

exact  adaptation  than  had  hitherto  been  requisite  in  soda 

manufacture.    It  is  in  the  invention  and  perfecting  of  the 

Eventual  snc  apparatus,  and  the  skillful  and  satisfactorv  combination  of 

oeM  of  Solvay.        x- 1  7  •- 

the  many  necessary  parts  of  it,  that  has  enabled  Solvay  to 
carry  to  a  successful  issue  this  simple  (in  theory)  process. 
The  experiments  commenced  by  him  in  1861,  and  carried  on 
with  no  slight  outlay  of  capital  before  nttaining  a  degree  of 
perfection  insuring  financial  success,  are  still  being  ardently 
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prosecuted,  each  year  witnessing  some  new  change  or  ad-  sodainduttry- 
dition,  most  of  which  aim  at  redncing  the  loss  of  ammonia  p,^^**"**^'**^ 
to  a  minimom. 

As  now  established  in  the  works  of  Solvay,  the  decompo-  Proceasndopted 
dtion  of  the  salt  in  solution  is  effected  in  vertical  cylinders  woriw.*       ^*^ 
12  to  18  meters  in  height,  into  which  the  carbonic  acid  is  ad- 
mitted under  a  pressure  of  1^  to  2  atmospheres.    The  great 
advantages  of  this  process  ai^ :  (1)  A  single  innoxious  by-prod-  tutpJS^Iir*  ^ 
uct — chloride  of  calcium;  (2)  the  production  of  a  carbonate 
of  soda  almost  perfectly  pure.    With  regard  to  this  latter 
point  it  seems  probable  that  the  combination  of  Hargreaves's 
sulphate  with  Mactear's  decomposition  process  is  destined 
to  yield  a  product  but  little  inferior  to  that  obtained  by  Sol- 
vay.    The  chief  objections  still  urged  against  the  process    oi^eotioiia: 
are  :  (1)  The  loss  of  ammonia.    This  loss,  which  amounts  to   lom  of  ammo- 
scarcely  1  per  cent,  of  the  weight  of  soda  obtained,  is,  how- 
ever,  fairly  balanced  by  the  saving  in  another  nitrogenous 
substance— nitrate  of  sodium — of  which  such  enormous 
quantities  are  consumed  yearly  in  the  manufacture  of  sul- 
phuric acid  required  for  Leblanc's  process.    (2)  The  old  mitSTmrfS^gti 
process  possessed    certain  advantages    in   allowing  tb®  ^^'^^Jjj*' ®^^ 
preparation  of  caustic  soda,  soda  crystals,  etc.,  from  sec-  ©ndary  products. 
ondary  products  of  but  slight  value.    In  this  connection 
Solvay  believes  that  there  is  no  demand  for  soda  crystals 
otherwise  than  on  account  of  the  purity  guaranteed  by  their 
appearance,  while  soap  manufacturers  and  others  who  use 
caustic  soda  require  it  almost  invariably  in  solution,  and  will 
recognize  that  it  is  more  economical  to  meet  their  wants  by 
rendering  solutions  of  carbonate  of  soda  caustic  in  their  own 
establishments,  thereby  saving  the  cost  of  preparing  the 
solid  caustic  soda  necessary  for  the  transport.    (3)  The  pro-  doeeno^yFewihy! 
cess  does  not  yield  hydrochloric  acid,  the  important  by- droohioric  acid, 
product  in  Leblanc's  process.    With  regard  to  this  objection, 
Solvay  is  sanguine  of  finally  perfecting  a  method  for  utiliz- 
ing the  chlorine  originally  present  in  the  salt  used.    The 
processes  already  patented  by  him  involve  the  preparation 
of  hydrochloric  acid  by  heating  chloride  of  calcium  with  iJ^S^^'dJ^I 
silicic  acid,  alumina,  or  simply  clay  in  the  presence  of  aque-  **H^  acid  and 
ons  va{K)r,  and  the  preparation  of  chlorine  by  substituting 
in  the  above  reactions  a  current  of  dry  air  for  aqueous  va- 
por.   The  residual  aluminates  or  silicates  can  be  used  for  the 
preparation  of  hypochlorites  by  exposure  to  chlorine  in  a 
moist  state,  yielding  at  the  same  time  precipitated  silica  or  the  wa«te.^ 
alumina ;  or  can  replace  lime  and  magnesia  in  the  regenera- 
tion of  ammonia,  forming  the  resultant  chlorides,  likewise 
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Soda  industry,  giiiea  aud  alumuia,  which  can  be  repeatedly  used  lor  this 

purpose, 
proo^****^*"^*     Schmidt  gives  the  following  as  the  necessary  proportions 

for  the  production  of  100  kilos  of  soda,  when  the  proce^ 

is  carried  out  on  a  large  scale : 

Kilos. 
Proportions  ofSalt 180-200 


■oporl 

materials  for  100  r«o.oi  tnn 

kilos  of  soda.         ^^** ^^ 

Coke 23 

Snlphuric  acid 1 

Limestone 80 

Snlphate  of  ammonium 5 

Cost  of  mana-     The  cost  of  manufacturing   soda  in  Solvay's  works  at 

faotareatNanoy. 

Nancy  is  stated  on  good  authority  to  be  less  than  $20  per 
ton. 
moSa!TOd«L®*"      ^®  ammonia-soda  is  now  in  constant  demand  by  ultra- 
marine works.    It  is  also  in  high  favor  with  glassmakers, 
the  dissatisfaction  with  the   voluminous  character  of  the 
product  first  placed  on  the  market  having  caused  the  manu- 
facturers to  produce  a  denser  or  more  compressed  article. 
^Pi«««»^^here.    Solvay's  process  is  now  in  successful  operation  in  the 
^BiswcAed in  mother   establishment    at    Couillet,    B(»lgium,    producing 
Prance,  7,500,000  kilos  annually;  in  the  French  branch  at  Verang^- 

ville-Dombiisle,   which   turns  out  20,000,000  Idlos  yearly, 

where  the  productive  capacity  is  shortly  to  be  doubled ; 

England,  and  in  the  two  English  establishments  of  Bruuuer,  Mond 

&  Co.,  at  North wich  and   Sandback,  yielding  13,000,000 
kilos  yearly ;  making  a  total  of  40,500,000  kilos  annually, 
corresponding   to  46,000,000    kilos  of  ordinary  soda.    In 
Denmark.  Denmark  there  are  one  or  two   establishments  in  opera- 

tion or  starting.  Large  works  erected  at  Kasan,  in  Russia, 
a  few  years  since,  have  failed  from  lack  of  careful  manage- 
ment. The  same  may  be  said  of  several  attempts-  made  in 
Germany.  There  are,  however,  in  the  latter  country  at  least 
two  establishments  now  producing  ammonia-soda,  although 
the  methods  are  not  exactly  the  same  as  that  used  by  Sol- 

cces^^^lJhafkt  ^^•^'-    ^^®  ^^  thcsc,  at  Sclialkc,  in  Westphalia,  makes  use  of 
in  Westphalia;    ^  proccss  uot  yct  (Icscribcd.    The  soda  there  produced  con- 
tains 98.9  per  cent,  of  carbonate  and  0.73  per  cent,  of  water — a 
purity  as  high  as  that  obtained  at  Couillet.    M.  Honigmann, 
and  at  Greven- in  Grevcuberg,   near   Aix-la-Chapelle,    has   manufactured 
^'  ammonia  soda  successfully  for  several  years  by  a  method  of 

manipulation  somewhat  different  from  that  employed  by 
Solvay.  All  operations  are  performed  in  cylindrical  ves- 
sels. A  battery  of  six,  3  to  4  meters  in  height  and  the  same 
in  diameter,  furnish  a  daily  production  of  5,000  kilos.    The 
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material  used  for  constructing  the  cylinders  is  iron  plate  Sodainduttrw. 
of  0  to  0  millimeters  in  thickness.    The  precipitation  of  the    Ammoni».Boda 
biearbonare  is  effected  by  forcing  the  gases  from  a  lime  kiln  p"x»m- 
(32  per  cent,  of  carbonic  acid)  through  a  series  of  tbree  cyl- 
inders containing  the  solution  of  ammonia  and  salt,  forming 
together  a  column  of  liquid  6  to  7  meters  in  height.    The       Honigman's 
beat  arising  fix)m  the  absorption  of  the  carbonic  acid  is  mod-  the  sSVay"  pro- 
erated  by  a  stream  of  cold  water,* so  that  the  temperature*^®*** 
does  not  rise  above  35°  C.    The  separation  of  the  bicarbon- 
ate from  the  solution  of  chloride  of  ammonium  is  effected  by 
powerful  centrifugal  filtering  apparatus,  and  regeneration 
of  the  ammonia  is  accomplished  by  means  of  the  waste 
8team  firom  the  machine.     About  60,000  kilos  of  residual 
solution,  containing  12.5  i>er  cent,  of  chloride  of  ammonium 
and  2.5  to  3  per  cent,  of  carbonate  of  ammonium,  are  treated 
i^ith  slaked  lime  daily  in  these  works.    The  soda  obtained 
oontains  97.S  to  98.5  per  cent,  of  carbonate,  the  remainder 
l3eing  water  and  chloride  of  sodium.    A  boiler  of  180  square 
meters  surface  supplies  the  necessary  steam  power  to  effect 
movements — pumping,  agitation,  etc. — of  the  liquids,  etc.,  in- 
^volved  in  a  daily  production  of  5,000  kilos  of  s6dii.    The 
number  of  operatives  necessary  to  turn  out  this  amount  of 
X>roduct  is  11  by  day  and  8  by  night,  while  a  contractor  with 
9  workmen  supplies  raw  material  and  removes  waste  prod- 
victs.    Honigmann  consumes  the  following  quantities  of  raw 
materials  in  the  pix)duction  of  100  kilos  of  soda  on  the  scale 
above  described : 

Kilos. 

Salt 2o0       Coneumption 

ri«,„i  *  ^r  of  mateiials  per 

^^*1 -145100  kilos  of  wkIr 

Coke 35  produced. 

Limestone 100 

Chloride  of  ammonia  (lost) 5 

Snlphniic  acid ^ 

These  works  are  being  enlarged  to  a  daily  productive  ca- 
pacity of  30,000  kilos. 

The  carbonate  of  soda  obtained  by  the  ammonia  process    pudty  of  the 
is  almost  absolutely  pure;  it  is  quite  free  from  causticity  ^'S^^^*^ 
and  contains  a  mere  trace  of  iron.    The  freedom  of  the 
product  from  iron  and  from  sulphate  of  sodium  renders  it 
especially  applicable  in  glass-making,  and  its  use  is  very    vakieforgiaM- 
ifeneral  in  Belgium  and  England,  and  to  some  extent  in 
this  country  in  glass  works  making  the  finer  qualities  of 
^'lystal  and  plates.    Its  use  in  glass-houses  has  been  fol- 
lowed by  a  longer  wear  of  the  pots,  but  the  temperature  of 
tibe  furnace  has  to  be  kept  well  up. 
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sodainduHry.      The  followiiig  is  a  Statement  of  the  percentage  oomposi- 
AmmoniA-aoda,  tion  of  a  Commercial  prodact : 

oomposition  of  a 

commercial  qnal- Water 0.147        0.147 

Silica  and  carbon 0.053 

Chloride  of  sodiom i • 0.064 

Oxide  of  iron 0.003 

Alumina : 0.009 

Carbonate  of  calcinm 0.071 

Carbonate  of  magnesium 0.021        0.221 

Carbonate  of  sodium 99.632      99.632 


100.000 


ChanMs  in     The  most  important  changes  in  the  ammonia-soda  process 

the  ammonia-^o-  «.  c?  «r 

da  process.        are  the  following : 
Schmidt  com-     Schmidt,  in  Denmark,  combines  it  with  the  kelp  industry 

bines  it  with  the .  .'  .  '  -r,  ..i.     v  ux    •       j  i. 

kelp  industry,     lu  a  vcry  mgenious  manner.    From  the  hquors  obtained  by 

the  lixiviation  of  sea- weed  ashes,  the  sulphuric  acid  is  pre- 
cipitated very  exactly  by  the  addition  of  the  residual  chlo- 
ride of  calcium  solution  from   the  ammonia-soda  process. 
Iodine  and  bromine  are  next  precipitated  by  addition  of 
nitrate  of  lead.    In  the  filtrate  the  chloride  of  potassiuiu 
present  is  changed  into  nitrate  by  the  addition  of  nitrate  of 
sodium,  and  separated  by  crystallization.    The  residual  so- 
lution of  chloride  of  sodium  is  then  well  adapted  for  the 
ammonia-soda  process. 
^^tatS"*  bT     ^^^  Grousilliers  has  devised  a  method  for  precipitating  the 
SSm  "^b**  duute  Wcarbouatc  in  dilute  alcohol,  which,  by  means  of  apparatus 
aioohoL  invents  by  W.  Siemens,  has  been  introduced  into  Kun- 

heim's  works  at  Berlin.    It  is  based  on  the  fact  of  the  al- 
most total  insolubility  of  the  bicarbonates  of  soda  or  x)otash 
in  dilute  alcohol,  and  the  ready  solubility  of  the  alkaline 
chlorides,  of  ammonia,  and  of  carbonic  acid  in  the  same 
menstruum.    The  apparatus  consists  of  a  cylinder  contain- 
ing alcohol  of  35  per  cent.,  into  which  pulverized  salt,  am- 
monia, and  carbonic  acid  are  introduced.    The  reaction  is 
hastened  by  stirring,  and  on  completion  the  precipitated 
bicarbonate  is  filtered  off  and  the  residual  liquor  treated 
with  lime,  regenerating  the  alcohol  and  the  ammonia.    The 
losses  of  ammonia  and  alcohol  referred  to  the  weight  of  soda 
produced  are  respectively  0.01  per  cent,  and  0.1  per  cent. 
Adrantages.    The  advantages  claimed  for  the  process  are :  Smalluess  of 
apparatus  in  comparison  with   its  productive  capacity,  a 
minimum  of  manual  labor,  and  the  slight  loss  of  ammonia 
involved. 
meSSf of^Sid^     Scherbascheff  proposes  to  avoid  the  formation  of  bicar- 
^^o^j™^^bonate  of  sodium  in  the  ammonia  process  by  taking  advan- 
ate  of  sodium,     tagc  of  the  fact  that  when  carbonate  of  ammoaium  is  added 
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to  a  solution  of  chloride  of  sodium  at  6(P  to  70^  C,  the  salt,  scdaindustry. 

represented  by  the  following  formula — Na^C03+H20 — is    Ammoniaeodo. 

pimpitated. 

•  An  interesting  modification  of  the  principle  underlying 

this  process  has  been  introduced  by  G.  T.  Gerlach,  of  Kalk,    Geiiach's  pro- 

Westphalia,  in  which  the  manufacture  of  soda  is  rendered  to  tho  production 

.subsidiary  to  the  production  .of  ammonia  salts  from  gas  from  gas  water. 

water.   It  is  essentially  as  follows : 

A  concentrated  solution  of  carbonate  of  ammonium  is 
prepared  by  the  distillation  of  gas  water,  and  in  this  an    Nature  of  tue 
equal  quantity  of  salt  is  dissolved.    Carbonic  acid  is  intro-  ^^^^^' 
(luced  until  the  precipitation  of  bicarbonate  of  soda  ceases, 
when  the  latter  is  separated  from  the  liquid  by  means  of  a 
centrifugal  filter.    The  filtrate  contains  carbonate  of  ammo- 
nium, which  is  obtained  by  distillation,  and  chloride  of  am- 
monium ami  undecomposed  chloride  of  sodium,  which  are 
easily  separated  from  each  other  by  crystallization.    The 
chief  peculiarities  of  the  method  are  the  economical  utiliza-    Peculiarities  of 
tion  of  gas  water,  including  the  carbonic  a<5id  there  present ;    °  ™® 
the  absence  of  by-products,  as  well  as  of  the  loss  of  salt  un- 
avoidable in  the  Solvay  process,  and  the  loss  of  ammonia 
likewise  accompanying  the  same  process ;  the  saving  in  fuel 
effected  by  eliminating  from  the  process  the  constant  re- 
generation of  caustic  ammonia.    Gerlach  has  also  perfected 
n^ethods  for  replacing  the  salt  hitherto  used  by  sodium  sul- 
pliate  or  nitrate,  obtaining  thereby,  with  sodium  carbonate, 
sodium,  sulphate,  or  nitrate. 

Ingenious  and  economical  as  this  method  is,  it  must  not    Limitatiomi  of 
l)e  forgotten  that  the  supply  of  gas  water  is  limited.    From    ^  p^°^®*- 
statistics  gathered  in  1873,  it  is  estimated  that  25,000,000,000 
kilos  of  coal  are  consumed  annually  in  gas  works.    As  100 
kilos  of  coal  yield  on  an  average  0.3  kilo  of  ammonia  among    Yield  of  Rmmo 
tiieproductsof  distillation,  the  total  annual  yield  of  this  body  JSi.'**''^  ^^^  **^ 
from  this  source  is  75,000,000  kilos.    This  quantity,  accord- 
ing to  Gerlach's  method,  would  furnish  the  basis  for  a  pro- 
<luction  of  but  230,000,000  kilos  of  soda,  an  amount  but  lit- 
tle over  a  quarter  of  the  production  of  Great  Britain  alone,    calculation  of 
^  is  therefore  evident  that  while  this  method  may  be  ad  van-  from  thuaouroe* 
^^eously  pursued  in  combination  with  the  production  of 
^ttunonium  salts,  the  limited  quantity  of  the  latter,  as  well 
^  the  impossibility  of  bringing  more  than  a  fraction  of  the 
g'cis  water  produced  within  reach  of  the  manufacture,  will 
prevent  it  from  assuming  dimensions  of  any  great  magni- 
tude, 

A  similar  modifiiuition  of  the  simmonia-soda  manufacture    ciauH  &,  wai 
^proposed  by  Ulaus  &  Wallace,  in  which  the  preparation     "''*"'"^*^' 
4  p  E VOL  4 
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Soda  industry,  ^f  goda  plays  a  subordinary  part  to  the  purification  of  illu- 
Ammonia fioda.  miDating  gas.    Caustic  ammonia  in  a  series  of  scrubbers  is 
Clans  &  TVai.  ^^^^  for  the  entire  purification  of  gas  issuing  from  the  re- 
lace'sproceiw.     ^orts.    The  arrangements  are  such  that  the  gas  on  entering 
the  series  encounters  first  a  solution  in  which  the  ammonia 
is  nearly  saturated  with  carbonic  acid,  and  passes  succes- 
sively through  weaker  and  weaker  solutions.    The  saturate<l 
solutions,  after  concentration,  are  mixed  with  salt  solutions, 
and  the  usual  decomposition  is  effected  with  the  carbonic 
acid  resulting  from  the  calcination  of  bicarbonate.     The 
Advantages,    regeneration  of  the  ammonia  is  accomplished  by  means  of 
lime  as  usual.    By  this  combination  of  the  two  processes  a 
single  operation  suffices  to  purify  the  gas,  utilize  its  car- 
bonic acid,  avoid  the  preparation  of  carbonate  of  ammonia 
otherwise  incident  to  the  manufacture  of  soda,  and  avoid 
the  production  of  any  useless  by-product  other  than  the  chlo- 
ride of  calcium,  which  is  harmless  and  easy  to  remove.    By 
this  method  it  is  estimated  that  the  coal  consumed  in  gas 
works  would  yield  4  per  cent,  of  its  weight  of  refined  soda. 
Poesibio  Tveek-  The  gas  works  of  London  would  yield  about  1,200,000  kilos 
o^^tho  London  of  soda  wcckly.    Taking  the  above-mentioned  estimate  of 
ffaswor  8.         ^^^  entire  annual  consumption  of  coal  in  gas  works,  viz, 

25,000,000,000  kilos,  as  a  basis,  it  is  evident  that  the  iutro 
duction  of  this  process  would  permit  the  production  in  con- 
nection with  gas  manufacture  of  1,OUO,000,000  kilos  of  pure 
soda  annually,  an  amount  equal  to  the  united  product  of 
France  and  England. 

The  technical  realization  of  this  plan  will  be  looked  for, 
therefore,  with  no  slight  degree  of  interest. 

New  soda  NEWLY  PEOPOSBD   METHODS  FOR  THE  MANU 
"^*'**^'  FACTURE  OF  SODA. 

In  no  branch  of  chemical  manufacture  are  so  many  novel 
and  original  propositions  brought  forward  as  in  the  prepara- 
tion of  soda.  Apart  from  the  modifications  of  the  methods 
already  in  use,  noted  as  above,  the  following  projects  may 
be  briefly  mentioned: 

c.  Vincent.  C.  Viuccnt  proposcs  to  prepare  sulphide  of  sodium  by  the 
action  of  sulphide  of  barium  on  sulphate  of  sodium,  and 
change  the  sulphide  to  carbonate  by  the  action  of  carbonic 
acid. 

E.  Davis.  E.  Davis  heats  together  Bhodondo  phosphate,  sulphate 

of  soda,  and  coal.  The  solution  obtained  by  lixiviation 
yields,  on  treatment  with  lime  or  chalk,  caustic  soda  or  the 
carbonate,  and  tricalcium  phosphate,  which  is  utilized  for 
superphosphates. 
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Thiriou. 


W.  Weldon 


E.  Bohlig  makes  use  of  oxalate  of  magnesium  as  the  means  ^^"  induttry. 
of  conversion,  the  reactions  being  as  follows :  Proposed  new 

methculs. 

C204Mg4-HCl+NaCl=C204HNa+MgCl2;  ^  ^°*^s 

Cj04HNa+MgC03=C204Mg+  ITaHCOa ; 
2NaHCO3+MgO=NaeCO3+Mg0O3+H2O. 

Tlie  diloride  of  magnesium  is  decomposed  by  heat  and 
steam  into  magnesia  and  hydrochloric  acid. 
Griiueberg  &  Forster  treat  a  mixture  of  chloride  of  so-„Gruneberp   & 

J.  ~^,  Forstor. 

oiam  and  alumma  with  superheated  steam  at  a  red  heat. 
Hydrochloric  acid  escapes  and  the  resulting  aluminate  of 
soda  is  decomposed  by  lime  or  chalk. 

ThirioD  has  introduced  a  process  into  France  by  which 
the  sulphate  of  sodium  is  heated  with  coal  and  silicic  acid. 
The  products  are  silicate  of  sodium,  sulphur,  sulphurous 
anhydride,  and  carbon  monoxide.  The  silicate  of  soda  can 
be  Qsed  as  such  in  glass-making  or  changed  into  soda  or 
cangdc  soda.  One-half  of  the  sulphur  is  regenerated,  and 
the  other  half,  in  the  form  of  sulphurous  acid,  utilized  for 
the  manufacture  of  hydrosulphites. 

W.  Weldon  melts  sulphate  of  sodium  and  pours  it  on  red- 
hot  coal.  The  carbonic  oxide  set  free  is  used  for  making 
bicarbonate,  and  the  residual  sulphide  of  sodium  converted 
into  caustic  soda  by  the  action  of  steam,  or  into  bicarbon- 
^6  by  passing  a  current  of  carbonic  oxide  through  the 
solution. 

Caustic  soda,  0aiutic8od&. 

^0  essential  changes  have  been  introduced  into  the  prep- 
s^tion  of  caustic  soda,  either  in  the  extraction  fh>m  the 
mother-hquors  of  soda  works  or  in  the  treatment  of  the 
<^bonate  with  lime.  In  addition  to  the  proposed  methods 
above  noticed,  yielding  at  will  carbonate  of  sodium  or  caus- 
tic soda,  the  following  processes  have  been  advocated: 

Arrott  decomposes  a  mixture  of  salt  and  phosphate  of  iron 
by  steam,  condenses  the  hydrochloric  acid  evolved,  and  treats 
the  solution  of  phosphate  of  sodium  obtained  by  lixiviation 
with  lime. 

Lowig  heats  a  solution  of  aluminate  of  sodium  (or  pot- 
^h)  with  slaked  lime,  obtaining  a  solution  of  caustic  alkali 
^d  a  precipitate  of  aluminate  of  calcium,  from  which  hy- 
^ted  alumina  is  easily  prepared. 

MANUFAOTUBE  of  CHLOEINE  and  bleaching    ohioHne    and 

POWDBE.  tleacHinopau^. 

^or  the  preparation  of  chlorine  no  new  methods  have 
been  introduced  daring  the  past  five  years.    Solvay's  pro 


cess, 
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bi^Mi^owder.  ^^^^^  P^^^  ^^^  ^^^  formation  of  chlorine  from  the  residual 
chlorides  of  the  ammonia-soda  process  has  not  yet  been 
technically  realized.  The  two  methods  now  prevalent  are 
those  of  Weldon  and  of  Deacon  &  Hurter,  both  introduce<l 
about  ten  years  since, 
woidon'a  pro-  Wcldou's  proccss,  the  invention  of  which  was  incited  by 
the  rapid  diminution  in  the  natural  supply  of  peroxide  of 
manganese,  resembles  greatly  the  ammonia-soda  process, 
the  stock  of  peroxide  of  manganese  in  use  being  constantly 
regenerated,  and  chloride  of  calcium  remaining  as  a  waste 
product.  It  has  not  been  materially  modified  of  late,  and 
consists  simply  in  the  addition  of  lime  to  the  residual 
Description  of  Hquors  after  the  treatment  of  the  peroxide  with  hydrochloric 

the  proceas.        ^^.^^  ^j^.j^  ^  g^^.^^^^  currcut  of  cold  air  is  blown  through  the 

liquid.  The  precipitated  hydrate  of  manganous  oxide  is 
thus  oxidized  to  the  state  of  peroxide,  and  obtained  in  the 
form  of  calcium  manganite,  CaMnOs,  or  of  a  combination 
of  1  molecule  of  lime  and  from  1  to  2  molecules  of  penixide 
of  manganese,  in  which  forms  it  is  ready  for  repeated  treat- 
The  preuent  fa-  men t  with  hydrochloric  acid.    W  eldon's  process  is  now  used 

vorite  method.      j»       ,■%  a.*  it  j.     j*  j.i_      i-i    _    i_  •  i  i 

for  the  preparation  of  most  of  the  bleachmg  pow<ier  made 
in  England,  and  is  widely  used  on  the  Continent,  most  of 
the  French  works  having  introduced  it  within  three  or  four 
years. 
Difficulties  ill  It  occasionally  happens  during  the  oxidation  of  the  man- 
of^thefSIS  o^ganous  oxide  that  instead  of  becoming  black  the  mixture 
manganese.  presents  a  brown  or  reddish  color,  owing  to  a  transforma- 
tion of  the  oxide  into  the  %  oxide — Mn304 — instead  of  i)er- 
oxide,  Mn02.  This  incomplete  oxidation  takes  place  when 
the  insufSation  of  air  is  too  rapid  and  strong  before  the 
addition  of  the  lime  or  when  too  little  of  that  substance  is 
employed.  No  convenient  remedy  has  as  yet  been  discov- 
ered for  this  accident,  and  it  is  found  to  be  necessary  to 
redissolve  the  whole  precipitate  in  hydrochloric  acid  and 
recommence  the  operation  of  regeneration.  Sometimes,  on 
account  of  insufficient  force  in  the  stream  of  air  from  the 
blowers,  or  when  a  great  excess  of  lime  has  been  added,  or 
the  temperature  of  the  manganese  residues  is  too  high,  the 
precipitate  consisting  of  the  oxide  of  manganese  and  lime 
becomes  thick,  accumulates  in  masses,  and  is  practically  im- 
pervious to  the  incoming  current  of  air.  When  this  acci- 
dent happens,  it  is  always  at  the  beginning  of  the  operation, 
and  the  current  of  air  finds  difficulty  in  making  its  way 
through  the  mass  and  finally  stops.  In  order  to  remedy  this 
inconvenience  an  additional  amount  of  cooled  manganese 
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iqaors  i)iust  be  added  and  the  blowing  apparatus  urged  to  i^^^^^^^^ 
its  fnllest  extent 

Jetzler's  improvement,  introduced  in  1874,  is  in  satisfac-    Jetsiera  metu 
wiy  operation  in  a  Swiss  and  a  German  establishment.    It  mg  tbo  oxido  oi 
consists  in  the  use  of  a  current  of  hot  air,  rendering  the 
oxidation  more  cx)mplete,  and  giving  to  the  regenerated 
peroxide  a  powdery  character,  so  that  it  can  be  used  in  the 
old-style  apparatus  for  the  disengagement  of  chlorine.  ^i^^  Dunion 

T^Yke  two  precursors  of  Weldon's  process — the  methods  of  ^^^j^^^«fi°^*^^ 
Danlop  and  Hofbnann — although  still  in  operation,  have 
never  been  introduced  into  works  outside  of  those  in  which 
th©y  originated.  In  the  great  works  of  St.  llollox,  where 
Duulop'a  method  was  employed,  a  Weldon  apparatus  has 
been,  erected  to  supply  a  portion  of  the  chlorine  needed. 

W'hile  Weldon's  process  aims  at  a  constant  regeneration 
of  t>he  substance  necessary  to  eflect  the  decomposition  of 
hydrochloric  acid,  Deacon  &  Hurter  seek  to  replace  the^J^^^^*^^"'^ 
whole  cycle  of  chemical  operations  involved  in  the  use  of 
peroxide  of  manganese,  and  its  subsequent  regeneration,  by 
simply  passing  a  mixture  of  air  and  hydrochloric  acid  gas 
over  a  catalytic  substan(  e.    According  to  their  method,  the  th?p^cSl^!*°  **^ 
mixture  of  air  and  hydrochloric  acid  gas  issuing  from  the 
sulphate  furnaces  of  the  soda  works  is  conducted  through 
tabes  heated  to  about  400o  C,  and  filled  with  porous  bricks 
which  have  been  saturated  with  sulphate  of  copper.    The 
eusumg  decomposition  into  aqueous  vapor  and  chlorine  re- 
sults from  the  well-known  property  of  copper  salts  to  yield 
up  oxygen  to  other  compounds  (while  renewing  their  supply 
from  the  air),  and  from  the  partitA  decomposition  of  hydro- 
chloric acid  and  air  effected  by  contaet  with  porous  sub- 
stances.   This  process  is  theoretically  so  simple,  and  gives 
such  satisfactory  results  when  first  installed,  that  it  was 
regarded  as  destined  to  supersede  the  use  of  peroxide  of 
inanganese,  and  it  was  introduced  into  twelve  English  and  cewST^bSt  not 
^^0  German  works.    As  in  many  other  technical  innova-P^J^JiJJI®'*^*^"'*^- 
tions,  it  was  soon  found  that  the  process  was  attended  with 
a  serious  impediment.    After  the  lapse  of  a  few  months,  the 
porous  masses  lost  their  power  in  a  great  measure,  and  even 
entirely^  of  determining  tlie  dissociation  of  hydrochloric 
^cid,  and  considerable  losses  were  incurred  in  consequence 
of  interruption,  delays,  and  changes  due  to  this  unforeseen 
obstacle.    In  a  majority  of  the  works,  where  the  method 
had  been  adopted  at  great  outlay  of  money  in  the  insUdla- 
^on  of  the  apparatus  necessary  to  carry  out  the  process  on  ^^«°<^''"^i>  «^^'^° 
^  Wge  scale,  it  was  entirely  set  aside.    This  failure  to  meet 
tbe  expectations  based  on  the  otherwise  attendant  advun- 
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bi^ii^poJd^.  ^&®s  of  the  method  led  to  a  careful  study  of  the  causes 
Deacon  &Hur.  ^i°^ii^ishing  01  arresting  the  catalytic  action  in  the  decom- 
ter  process.        poscr.    The  cMcf  causc  is  found  to  be  the  presence  of  sul- 
phuric acid  in  the  hydrochloric  acid  gas  issuing  from  the 
sulphate  furnaces.    The  sulphates  formed  on  the  surfaces 
Causes  of  the  of  the  bricks  offer  a  mechanical  obstacle  to  the  action  of 

taunre. 

the  copper  salt,  and  the  sulphuric  acid  is  decomposed  by 
the  hot  sulphate  of  aluminum  into  water,  oxygen,  and  sul- 
phurous acid.  The  latter  is  oxidized  at  the  expense  of  the 
free  chlorine,  and  gives  rise  to  a  continuous  series  of  reac- 
tions, which  contribute  materially  to  lessen  the  amount  of 
chlorine  evolved.  Antimony  and  arsenic  are  likewise  found 
to  gather  on  the  bricks  and  exert  a  deleterious  influence  on 
the  reaction. 
Attempts  to     Armed  with  the  results  of  these  investigations,  those  in- 

avoid  the  uifficul-  i    .        i       «  i%     t 

ties  cited:         tcrcstcd  lu  the  futurc  of  the  process  have  sought  to  over 
come  the  difficulties  mentioned,  as  in  the  analogous  case  of 
Winkler's  catalytic  reaction  for  the  manufacture  of  sul- 

in  Germany,  phuric  anhydride.  Hasenclever,  in  Germany,  seeks  to  effect 
the  most  complete  possible  condensation  of  the  sulphuric 
acid  in  the  gases  prior  to  their  entrance  in  the  decomposer ; 

In  England,  while  in  Eugllsh  works  the  apparatu's  is  arranged  with  two 
decomposers,  one  of  which  is  in  operation  while  the  other  is 
being  recharged,  thus  preventing  an  interruption  in  the  con- 
tinuity of  the  operation.    By  these  means  it  has  been  found 

Future  proba.  possiblc,  both  in  England  and  G^ermany,  to  bring  this  process 

bio  success.  .  *    ±.     j*  x.  j  i«j_»  •         •xi.i_»'i 

to  a  point  of  exactness  and  regularity'  msurmg  its  technical 

success  in  the  future.    The  bleaching  powder  obtained  by 

its  means  possesses  35  pet  cent,  of  effective  chlorine. 

Supply  of  pe-     With  regard  to  the  supply  of  peroxide  of  manganese,  it 

rox^  e    ™"*8»- gj^^^j^  1^^  mentioned  that  extensive  deposits  of  a  rich  ore 

have  been  found  recently  in  the  north  of  Spain  and  in  the 
island  of  Mycone,  near  Syra. 
Monoyraphson     A  number  of  papers  have  been  published  treating  of  the 
of bieachS^poS^  subjcct  of  the  compositiou  of  bleaching  powder,  without, 

however,  settling  the  still  vexed  question  of  its  chemical 
formula,  and  an  elaborate  and  minute  study  of  all  the  phases 
in  the  preparation  of  this  article,  touching  a  number  of  im- 
portant physical  and  chemical  points,  has  been  contributed 
to  the  literature  of  the  subject  by  Hurter. 

BrainiM.  BROMINE. 

inimcnse  pro-     The  cuormous  quantities  of  bromine  x)roduced  in  this 
United  states.  **country  havc  practically  suppressed  its  production  from 

kelp  and  from  the  mother-liquors  of  the  Stassfurth  salines 
in  Europe;   the  cheapness  of  the  American  product  hav- 
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mg  rendered  snccessfal  competition  impossible.    The  daily      Bromine. 
production  of  this  sabstance  in  Ohio,  Pennsylvania,  and    United  statc» 
West  Virginia  is  put  down  lately  at  700  kilos.    For  expor-  LpprcMedEuro 
tation  and  ocean  transport  it  is  converted  into  bromide  trom  keip.  etc. 
of  iron,  ships  refusing  to  take  the  liquid  bromine  on  board. 
The    demand   for   bromine   has   greatly   increased    since    incrcaaed  qm 
the    discovery  of  cosines,  bromated  niter  derivatives,  etc.,  *"    ^™*^  * 
coloTiDg  matter  from  resorcine,  and  phtalic  acid,  etc.    A 
uacixl)er  of  propositions  have  lately  been  made  fo  use  it  in 
the    extraction  or  metallurgy  of  gold,  mercury,  platinum, 
etc. ,  in  chemical  analyses,  and  finally  as  an  oxidizing  agent 
in  t^lie  preparation  of  phosphoric  and  arsenic  acids,  ferridcy- 
anide  and  permanganate  of  potassium.    H.  Hahn  obtains    n.  Habn'spio^ 
bramine,  when  present  in  but  small  quantities,  in  motheir-  ^^ 
liqiicrs  of  salt  works,  as  follows :  Chloride  of  silver  is  dis- 
solved in  the  liquor,  which  is  afterwards  diluted  with  four 
times  its  weight  of  water,  letting  fall  a  precipitate  consisting 
of  ohloride  and  bromide  of  silver,  which  is  used  repeatedly 
^   t^he  same  manner  until  it  is  sufficiently  rich  in  bromine, 
which  is  then  separated.    The  immence  production  of  bro-    Fau  in  price  to 
™ixie,  during  late  years,  has  caused  a  fall  in  its  price  from  S?^'  lu^"  former 
•7.50  to  30  cents  per  pound.  ''^"' 

IODINE.  Iodine 

Xhe  serious  if  not  fatal  blow  inflicted  on  the  European    European  m^n 
n^^tiufacture  of  bromine  by  the  rapid  development  of  its  iV^^crippiS  ^b>' 
P>x>duction  in  North  America  is  fully  equaled,  in  the  case  of  titSn.     *^™p*^ 
i^Hiine,  by  the  enormous  exportation  of  this  substance  from 
South  America,  where  it  forms  an  important  by-product  in 
^^^  nitrate  of  sodium  works.    Hitherto  the  manufacture  of 
i^ine  was  confined  almost  entirely  to  Scotland  and  France,      scotch    and 
^'here  it  is  obtained  from  kelp ;  the  former  country  yielding  tore  from  kdp. 
^,000  kilos  annually,  the  latter  40,000  kilos.    The  nitrate 
^^  sodium  of  Peru  contains  about  0.16  per  cent,  of  iodine,     Proportion  ot 
^d  is  capable  of  affording  an  annual  yield  of  900,000  kilos,  mvian  nitrate  of 
^  its  separation  from  the  mother  liquors  in  the  form  of  *°  °™* 
i^Hiine  of  copper  is  attended  with  no  great  difficulties,  the 
Appearance  of  the  Peruvian  product  in  the  European  mar- 
ket lowered  the  price  from  $20  to  $4  in  187G.    At  present    Faiitooncflfth 
^he  price  is  somewhat  higher  in  consequence  of  a  temporary  ^^  ^®™*®'  p^®*- 
Ainrangement  between  the  Scotch,  French,  and  Peruvian 
Manufacturers.    There  is,  however,  but  little  probability  that 
the  European  manufacture  can  long  maintain  its  existence, 
^nd  at  present  a  number  of  the  works  are  at  a  standstill  in 
f'rance,  the  country  where  iodine  was  discovered  and  where    iodine  diaoov 
the  methods  of  its  extraction  have  been  so  carefully  elabo-  ^^ 


56  UNIVERSAL    EXPOSITION   AT   PARIS,   187a 

lodiius.       rated.    Despite  the  iinpromisiDj^  prospects  for  the  kelp  in- 

FreDch  at- (lustry,  stroijg  efforts  are  being  put  forth  by  the  French 

tSvo  their  po^-  manufacturers  to  perl'ect  their  processes  to  such  an  extent 

^^°^'  that  competition  can  successfully  be  attempted  with  the 

South  American  product.    These  efforts  are  in  two  direc- 
tions: First,  in  the  selection  of  the  algae  used,  and,  secondly, 
in  the  process  of  extracting  the  iodine  contained  in  the 
Relative  yield  plant s.   With  regard  to  the  choiceof  sca-wccd,  carcful  aualy- 
weeTis!"^  ^  *°^  ses  show  that  the  floating  red  varieties  of  Fucm  contain  the 

largest  amount  of  iodine.    Thus,  per  ton  of  ash — 

VucuA.  Fucus  digitalm  yields 10-28  kilos  of  iodine. 

Facu8  saccharin  U8  yields 8-ld  kilos  of  iodine. 

Fucus  bulborvs  yields G       kilos  of  iodine. 

AisK.  On  the  contrary,  the  black  algaB  growing  along  the  coast 

give  but  1  to  4.5  kilos  of  iodine.  The  quantity  of  iodine  in 
creases  also  with  the  slowness  of  the  growth,  and  the  more 

Nortbern  sea-  northerly  the  region,  the  kelp  of  Scotland  being  richer  in 
pmiuctivH)  ""of  iodine  than  that  of  France.    In  the  treatment  of  the  sea 

weed  more  care  is  taken  in  the  drying,  the  incineration,  etc. 
Despite  its  manifold  advantages,  the  method  of  incinerating 
the  plants  in  furnaces  has  not  yet  been  extensively  intro 
duced,  the  cost  of  fuel  and  transport  to  the  furnaces  gener 
ally  standing. in  the  way  of  its  practical  realization.     For  i] 

stanford'B  pro-  number  of  years  it  has  been  carried  on  by  Stanford,  of  Glas 

^*^^'  gow,  who  utilized  the  residual  coal  after  lixiviation  as  a  de 

Giaizat,  Pel-  odorizcr.    Glaizat  and Pellieux  and  Maz6-Launay,  in  France 

Lacmay?  havc  likcwisc  made  attempts  to  introduce  modifications  oi 

the  method  of  dry  distillation,  which  are  still  in  operation  oi 

norland.  a  limited  scale.  Herland  extracts  the  salts  from  algae  by  en 
dosmose,  immersing  the  plants  in  lime-water.    By  this  proc 

sohiuidt.  ess  the  yield  of  iodine  is  increased  threefold.  Schmidt  ex 
tracts  the  iodine  from  the  saline  solution  used  in  the  am  mon  ia 
soda  process,  by  precipitation  as  iodide  of  lead,  prior  to  th( 
separation  of  the  potassium  salts.  In  the  extraction  of  iodin< 

GaJioway.  from  kelp,  Galloway  proposes  the  substitution  of  chlorin< 
water  for  Wollaston's  method  of  treatment  with  sulphuric 
acid  and  peroxide  of  manganese.  In  a  sample  he  determinei 
the  amount  of  chlorine  water  necessary  to  form  iodine-pen 
tachloride  with  the  iodine  present,  and  then  adds  suflBciem 
to  simply  liberate  the  iodine.  After  its  removal,  sufiiciem 
chlorine  is  added  to  free  the  bromine  present. 

8uperpho»phaUi.  SUPERPHOSPHATES. 

In  the  manufacture  of  superx)hos[>hates  but  few  changei 

Kohirauach.     are  to  be  noted.     Kohlrausch  removes  the  11  to  16  per  cent 

of  carbonate  of  calcium  from  spodium  piior  to  its  chang< 
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into  saperphosphate  by  treatment  with  sufficient  hydro- ^"^'y*»*p'«»^ 
chloric  acid  to  expel  the  carbonic  anhydride  and  extraction    Kohiraaach. 
of  the  chloride  of  calcium  with  a  small  quantity  of  water. 
J.  T.  Way  goes  still  further,  and  accomplishes  the  entire    way. 
transformation  with  hydrochloric  acid,   washing  out  the 
chloride  of  calcium  with  just  a  sufficiency  of  water.     In 
Gratz  the  mamifacture  of  superphosphate  is  joined  in  a    Cratz. 
very  practical  manner  with  the  preparation  of  fertilizing 
material  from  the  ordure  of  the  city.    An  apparatus  for  the 
coDtinaous  manufacture  of  superphosphates  has  been  de- 
vised by  Thibault,  and  is  now  in  satisfactory  operation  at    Thibauit. 
Paris  in  Michelet's  works,  producing  30,000  kilos  daily.    It 
consists  of  a  cast-iron  cylinder,  in  which  the  dried  phospho- 
rite and  sulphuric  acid  are  introduced.    A  movable  axle 
furnished  with  paddles  arranged  obliquely  maintains  not 
only  a  constant  mixture  of  the  mass,  but  also  a  gradual 
movement  towards  one  end  of  the  cylinder,  where  the  liquid 
mass  is  conducted  into  brick  chambers,  lined  with  lead. 
The  acid  vapors  disengaged  are  conducted  through  a  coke 
scrubber  in  which  water  is  constantly  flowing,  where  like- 
wise a  small  amount  of  iodine  is  deposited. 

Various  studies  on  the  reaction  occurring  in  the  decompo-    studio  on  th© 
sition  of  tribasic  phosphate  of  calcium  have  been  recently  occnw.'^ 
Diade.    Kolb  regards  the  reaction  as  consisting  in  (1)  a   Koib. 
J^pid  decomposition  of  two-thirds  of  the  phosphate  into 
sulphate  of  calcium  and  free  phosphoric  acid,  and  (2)  a  slow 
decomposition  of  the  remaiuing  third  by  the  free  phosphoric 
acid.   Armsby,  on  the  other  hand,  regards  the  reaction  as   Armiey. 
consisting  (1)  in  the  decomposition  of  one  half  of  the  phos- 
Pliate  to  soluble  phosphate — 

Cao(P04)*+2H2S04=OaH4(P04)*+2CaS04, 
^^^  (2)  in  a  gradual  change  of  this  soluble  phosphate  in 
contact  with  the  remaining  half  of  the  triphosphate  into 
"isoluble  dicalcium  phosphate.  Erlenmeyer  finds  that  the  Erienmeyer. 
saltCaH4(P04)=^-f  H2O  is  completely  soluble  in  700  parts  of 
^ater.  A  small  amount  of  water  is  sufficient,  however,  to 
^Iccompose  it  into  free  phosphoric  acid  and  the  insoluble 
CaHP04-fi'H2O.  This  fact  renders  the  extraction  of  phos- 
phone  acid  on  the  filter  advantageous  only  with  such  phos- 
phates as  contain  besides  phosphate  of  calcium  a  certain 
Quantity  of  free  phosphoric  acid  sufficient  to  prevent  the 
8^nd  reaction. 

ALUMINA  PEEPAEATIONS.  Alumina. 

Sulphate  of  aluminium  is  now  used  extensively  in  the      suiphate   of 
place  of  alum  in  the  manufacture  of  paper  and  for  dyeing  **^^^*'*°^* 


J 
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Alumina.  Turkey  red.  The  English  alnm  cakes  used  so  extensively 
Alum  cakes.    ^^®  prepared  simply  by  the  action  of  sulphuric  acid  on 

china  clay,  under  a  pressure  of  two  or  three  atmospheres. 

A  French  company  has  introduced  a  method  for  preparing 
suipbato   of  sulphate  of  aluminium  from  the  slag  of  iron  furnaces,  by  de- 

altunmium   from  ^  /     v 

«iag.  composing  the  latter  with  hydrochloric  acid  and  precipi- 

tating hydrate  of  aluminium  from  the  solution  by  means  of 
carbonate  of  calcium. 
Animportantimprovementin  the  preparation  of  sulphateof 
Elimiiiation  of  alumiuium,  aiming  at  the  elimination  of  the  sulphate  of  iron 

sulphate  of  iion. 

so  prejudicial  in  most  of  the  applications  of  this  article,  has 
Hatter's  pro-  bccu  made  public  by  Alfred  Hutter,  of  Montpellier.  It  is 
based  on  the  fact  that  in  a  solution  of  sulphate  of  aluminium 
containing  no  free  acid,  but  containing  ferric  sulphate,  the 
introduction  of  strips  of  metallic  zinc  causes  a  precipita- 
tion of  oxide  of  iron,  attended  with  the  formation  of  sulphate 
of  zinc.  The  sulphate  of  zinc  thus  introduced  serves  ad- 
mirably for  the  sizing  of  paper  and  could  be  used  in  large 
quantities  for  this  purpose  were  it  not  for  the  high  price- 
composition  of  The  composition  of  the  sulphate  before  and  after  its  treat- 

the  sulphate  he-  .  *  ,,.        .        .  «  ^-i 

fore   and   after  mcut  With  metaUic  ziuc  IS  as  follows : 

^«^*™«'**-                                                                                                                Before.  After. 

AI2O3 15.40  20.8S 

8O3 35.88  35.8c 

Fe,03 0.95  0.0< 

ZdO 0.51 

HaO 47.77  42.7: 

It  will  be  noticed  that  this  reaction  has  also  the  effect  o: 
increasing  the  proportion  of  the  crude  sulphate. 
L»wie.  The  Bros.  L5wig,  of  Dresden,  prepare  a  hydrate  of  alu 

aluminium.     ^  miulum  wcU  adapted  for  decolorizing  beet-root  juice  by  pre 

cipitating  a  solution  of  alumiuate  of  sodium  or  potassium 

with  hydrate  of  calcium,  filtering  from  the  solution  of  cans- 

^^ocfm.         tic  alkali  produced,  and  decomposing  the  precipitate  of  alu- 

minate  of  calcium  by  sufficient  hydrochloric  acid  to  unite 

with  the  lime  present. 

r*tionof*i£t?*X     Ducla  prepares  pure  salts  of  aluminium  from  a  hydrate 

ftinminiom.        obtained  as  follows :  The  solution  of  the  crude  sulphate  of 

aluminium  is  treated  with  hydrate  of  calcium  and  carbonate 
of  calcium.  Carbonic  anhydride  escapes  and  hydrates  of 
iron  and  aluminium  are  precipitated.  The  latter  is  extracted 
with  solutions  of  caustic  soda  and  precipitated  for  the  al- 
kaline solution  by  means  of  the  carbonic  anhydride  liber- 
ated in  the  first  instance. 
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BORAX  AND  BORACIO   ACID.  Borax  and  bo. 

raeModd. 

The  use  of  borax  is  constantly  increasing,  its  value  as  an 
antiseptic  and  for  cleansing  purposes  being  more  and  more 
generally  recognized.  The  fumaroles  of  Tuscany,  although  Theftmaaroiea 
producing  annually  2,500,000  kilos  of  boracic  acid,  form  no  longer  tho  ouef 
longer  the  chief  source  of  this  article  and  its  derivatives. 
Among  the  most  important  new  sources  of  boric  compounds 
opened  up  within  a  few  years  are  the  extensive  deposits  in 
California  and  Nevada.    They  consist  chiefly  of  borates  of  Depotitaof  cai- 

^j.  T        1    •  1  /.  •      .1  1         •  •       Ifomia  and   Ne- 

sodmm  and  calcium,  and  form  a  zone  in  the  volcanic  region  yada. 
north  and  east  of  the  Sierra  Nevada.    The  annual  produc- 
tion has  akeady  amounted  to  2,400,000  kilos.    Extensive   Production, 
deposits  of  boro-natro-calcite  have  also  recently  been  dis- 
covered in  Chili.    Boric  acid  to  the  extent  of  about  140,000   Chm. 
kilos  annually  is  obtained  from  the  boracite  in  the  Stass-    stMsftirth. 
fiirth  deposits.     The  chief  cause,  however,  of  the  recent 
notable  diminution  in  the  price  of  boric  compounds  is  due 
to  the  development  of  the  widespread  deposits  of  borate 
and  hydroborate  of  lime  in  Asia  Minor,  in  the  vicinity  of  A«ia  Minor, 
the  sea  of  Marmora  and  the  Black  Sea.    These  valuable 
sources  were  first  recognized  by  0.  Desmazures,  who  by  their   c.  DetnuuBuree. 
means  was  enabled  in  1869  to  introduce  into  France  the  in- 
dustry of  borax  manufiafCture.    The  mines  of  Sussurbi  have    Mmee  of  sua 
lately  passed  into  the  hands  of  Tennant,  of  the  St.  RoUox  dOTma.  "*      "*' 
Works,  Scotland;  those  at  Panderma,  which  are  capable  of 
an  annual  production  of  5,000,000  kilos,  are  being  worked 
^y  a  Constantinople  firm,  and  the  mineral — 2CaO,3B2034- 
3H2O— yields  41  per  cent,  of  boric  acid.    Boric  acid  is  also 
obtained  associated  with  chloride  of  ammonium  on  the  isl-    ^f^*^  ot  vni- 

.  cano. 

and  of  Vulcano,  north  of  Sicily.  In  the  crevices  of  the 
crater  of  the  volcano  there  is  a  constant  issue  of  vapors, 
consisting  of  steam,  sulphurous  acid,  and  sulphur,  which 
carry  with  them  a  certain  amount  of  boric  acid  and  chloride 
of  ammonium.  In  order  to  gather  the  latter  compounds 
the  fissures  are  covered  with  a  mixture  of  ashes  and  pumice 
stone,  in  which  the  sublimed  matter  is  condensed.  After 
four  or  five  days  it  contains  about  10  per  cent,  of  boric  acid, 
^hich  is  obtained  by  lixiviation.  The  annual  production  is 
but  4,000  kilos,  and  the  process  is  interesting  principally 
JTom  the  fact  of  its  being  constantly  dependent  on  the  ac- 
tivity of  a  volcano.    Among  the  newer  theories  with  regard    Theories  to  re- 

.     ,      '  ^  ^  g&rd  to  the  ftima- 

to  the  cause  of  the  appearance  of  boric  acid  in  the  fumaroles  «>ie». 
^^Tnscany  should  be  mentioned  that  of  Dieulafait,  who    nieuiafait. 
attributes  its  source  to  deposits  of  borates  from  the  sea  in 


60 


UNIVERSAL   EXPOSITION   AT   PARIS,  1878. 


Erlenmeyer's 
proceas. 


r<^^^J!nSoinds'  ^^^^^  geological  peiiods,  from  which  the  acid  is  released 

by  the  action  of  hydrochloric  acid  set  free  by  the  decompo- 
sition of  chloride  of  magnesium  in  presence  of  aqueous 
Bechi.  vapor.    Bcchi,  on  the  contrary,  considers  the  boric  acid  to 

result  from  the  slow  decomposition  by  means  of  aqueous 
vapor  of  the  borates  so  abundant  in  Italian  serpentine. 

OyanideM.  CYANIDES. 

The  applications  of  cyanides  are  becoming  so  extended 
that  the  necessity  of  a  method  for  producing  them  cheaply 
in  a  state  of  comparative  purity  is  being  more  and  more 
keenly  felt.  Erlenmeyer  proposes  the  following  process, 
which,  in  view  of  the  low  price  at  which  sodium  is  now  pro- 
duced in  France,  is  possibly  capable  of  technical  realiza- 
tion. It  consists  in  simply  melting  together  ferro-cyanide 
of  potassium  and  sodium,  when  the  decomposition  into 
metallic  iron  and  cyanides  occurs  at  once — 

K4FeCy6+2Na=4KCy+2NaCy+Fe. 

The  mixture  of  rhe  melted  cyanides  is  poured  off  from 
the  iron,  which  falls  to  the  bottom  of  the  crucible,  and  jields 
a  salt  capable  of  use  for  most  purposes  where  cyanide  of 
potassium  is  required.  More  attention  is  being  given  to  the 
subject  of  the  separation  of  the  cyanogen  compounds  oc- 
curring among  the  waste  products  of  various  industries. 
Nietzki  finds  that  soda  works  yielding  daily  twenty  tons  of 
soda  could  furnish  annually  as  a  by-product  6,500  kilos  of  fer- 
ro-cyanide of  sodium  and  3,250  kilos  of  sulpho-cyanide  of 
sodium.  The  utilization  of  sulpho-cyanide  of  ammonium 
found  in  such  large  quantities  in  gas  purifiers,  and  espe- 
cially its  transformation  into  the  form  of  ferro-cyanide,  have 
been  the  inciting  cause  of  numerous  researches.  At  Berlin 
and  in  England  apparently  satisfactory  processes  for  bring- 
ing about  this  change  have  been  in  practical  operation  for 
over  a  year.  Among  the  various  methods  suggested  are 
the  following : 

Douglas  obtains  ferrocyanides  from  gas  lime  by  mixing 
in  it  5  per  cent,  of  soda,  extracting  with  water,  evaporating 
to  dryness,  and  heating  the  residue  with  iron  filings. 

Alander  heats  a  mixture  of  sulpho-cyanide  of  ammonium, 
coal,  potash,  and  iron  tilings,  made  into  a  pasty  mass  by  the 
addition  of  oil,  to  a  dull  red,  and  exhausts  with  water.  By 
this  means  40  to  GO  per  cent,  of  the  sulpho-cyanide  present 
vuicntine.  is  Changed  into  ferro-cyanide.  Valentine  heats  the  Laming 
mixture  from  the  gas  works  with  chalk  or  carbonate  of 
magnesium;  the  solution  obtained  by  lixiviating  the  mass 
contains  ferro-cyanide. 


Possible  yield 
of  solpho-  and 
ferro-  cyanides 
by  soda  works. 


Utilization  of 
sulpho-cyanide  of 
ummoniom  of  gas 
works. 


Douglas'     pro- 


C<>S8. 


Alander. 
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The  most  important  novelty  in  this  branch  of  industry  is      otfomdM. 
the  synthetic  preparation  of  ferro-cyanide  of  x)otassiam  by 
Tchemiac's  process,  the  successful  introduction  of  which       Tchemuio* 

-urocoBS  for  pro- 

will  involve  a  complete  revolution  in  the  manufacture  of  aucing  femMjya- 
cyaoogen  compounds.    But  few  chemical  industries  have  Slum.  ^    ^ 
been  pursued  for  a  long  series  of  years  with  such  slight 
changes  in  the  essential  features  of  the  process  as  has  been 
the  case  with  the  manufacture  of  ferro-cyanide  of  potassium 
or  yellow  prussiate.    The  primitive  method  of  fusing  to-    xh©  old  pro- 
getner  potash,  iron,  and  refuse  animal  matter  rich  in  nitro- 
gen, with  its  attendant  enormous  losses  of  this  last  import- 
ant constituent,  is  still  universal.     The  above-mentioned 
utilization  of  the  refuse  of  gas  works  is  still  too  limited  to 
be  brought  into  serious  consideration,  and  as  Europe  and 
America  require  annually  about  50,000,000  kilos  of  prussi- 
ate, it  is  naturally  impossible  to  look  upon  this  source  as  in 
any  way  suHicient  to  meet  the  demands  of  commerce.    Al- 
though no  practical  changes  have  been  made  in  the  manu- 
facture,, it  has  not  been  for  lack  of  experimental  efforts. 
Numberless  attempts  have  been  made  to  utilize  the  nitro- 
gen of  the  air  by  passing  it  over  carbon  and  either  potash 
or  baryta,  etc.    Gelis  in  1860  proposed  a  process  involving    GeU«'»prooe«!. 
the  formation  of  sulpho-cyanide  of  ammonium  by  the  action 
of  bisulphide  of  carbon  on  sulpliide  of  ammonium,  the 
transformation  of  this  salt  into  the  corresponding  salt  of 
potassium,  and  the  change  of  the  latter  into  the  ferro-cyan- 
We  by  fusion  with  iron.    Notwithstanding  experiments  car- 
ried on  until  1870,  he  was  unable  to  bring  any  of  these 
three  principal  steps  in  the  process  to  the  degree  of  perfec- 
tion requisite  for  its  technical  application. 

Tcherniac,  while  retaining  the  general  features  of  Oelis's        Tchemiac'» 
process,  has  introduced  new  methods  for  the  attainment  of  SdS^. 
tlie  objects  sought  in  the  different  steps  of  it,  which  by 
their  simplicity  and  effectiveness  render  the  process  as  a 
^hole  capable  of  practical  realization.    The  following  is 
the  succession  of  the  reactions :  For  the  manufacture  of  saccewion   of 
sulpho-cyanide  of  ammonium  it  is  simply  necessary  to  heat    ^^^^  ^^ 
together  in   strong  autoclaves  bisulphide  of  carbon  and 
eatery  solution  of  ammonia.     Under  proper  conditions 
i^early  the  entire  amount  of  bisulphide  and  ammonia  is 
changed  into  sulpho-carbonate  of  ammonium,  which  decom- 
poses at  lOOo  C.  into  sulpho-cyanide  of  ammonium  and  sul 
Phreted  hydrogen — 

CS2+2NH3  =  CS  {  g^^^  [  =NH4SCN+H2S. 

Tlie  evolved  sulphureted  hydrogen  is  burned  and  the 
sulphurous  acid  resulting  ftom  its  combustion  is  utilized. 
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oyanidu,      jii  Older  to  Change  the  sulpho-cyanide  of  ammonium  into 
Tohemiao'8  the  Corresponding  potassium  salt,  lime  is  added  to  the  solo- 
Sv^ing  ferro^ya^  tiou,  aud  ou  boiliug  it  half  of  the  ammonia  originally  taken  ^ 
?iimi.  ^    ^**'  is  regenerated  and  ready  for  use  again.    The  proper  amount 

of  sulphate  of  potassium  is  next  added  to  the  solution  of 
sulphocyanide  of  calcium,  and  the  solution  of  sulpho-cyan- 
ide  of  potassium  filtered  from  the  precipitate  of  sulphate  of 
calcium— 

2NH4S0N+0aO=Ca(S0N)2+2NH3+H2O ; 

Ca(SCN)2+K2S'04=2KSCN+ CaS04. 

The  solution  is  evaporated  to  dryness  and  the  salt  entirely 
freed  from  water  by  fusion  to  200o  C.  In  this  condition  it  is 
intimately  mixed  with  finely  divided  iron  and  maintained 
lor  a  short  time  at  a  dull  red  heat  in  closed  vessels.  On 
lixiviating  the  cold  mass  of  cyanide  and  sulphide  yielded 
by  this  frision,  the  formation  of  prussiate  takes  place  im- 
mediately— 

6KSCN+6Fe=6KON+6FeS=K2S+5FeS+K4Fe(CN)6. 

The  solution  of  prussiate  thus  obtained  contains  a  trace 
of  impurities  from  the  presence  of  a  double  sulphide  of  iron 
and  potassium,  which  is  removed  by  recrystallization.  The 
product  then  obtained  is  chemically  pure.  An  all  impor- 
tant factor  of  this  transformation  of  sulpho-cyanide  into  fer- 
pocniiar  chap-  ro-cyauide  is  the  character  of  the  iron  used.  That  now  in 
ployed.  actual  use  in  M.  Tchemiac^s  works  is  prepared  from  the  res- 

idues of  the  pyrite^s  burners  in  sulphuric  acid  manufacture. 
These  residues,  as  obtained  from  the  French  works  at  a 
price  but  little  above  that  of  transportation,  contain  about 
95  per  cent,  of  sesquioxide  of  iron  and  5  per  cent,  of  im- 
purities. They  are  mixed  with  an  excess  of  powdered  coal 
(ordinary  coal  slack  or  dust  answers  admirably)  and  heated 
in  a  specially  adapted  furnace  in  direct  contact  with  a  strong 
reducing  flame.  After  remaining  the  requisite  time  in  the 
frimace  the  oxide  of  iron  is  completely  reduced  to  the  me- 
tallic state — 

FeaOa-f  30 =2Fe+300, 

which  is  then  raked  into  air-tight  receptacles.  After  cool- 
ing it  presents  a  grayish  porous  mass,  crumbling  between 
the  fingers,  and  well  adapted  for  a  variety  of  purposes  in 
other  branches  of  chemical  industry.  In  the  works  neai 
Paris,  where  this  process  is  being  introduced,  a  ton  of  iron 
a  day  is  prepared  by  the  above-mentioned  method  at  a  cost 
far  below  that  of  cast  iron. 
In  the  preparation  of  red  prussiate  no  material  change  is 
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to  be  noted.    It  is  proposed  to  snbstitate  bromine  for  chlo-      cyanide. 
line  in  the  oxidation  of  the  yellow  prossiate,  sinqe  the  price  ^^^^  pruawate 
of  bi39mine  has  fEdlen  to  so  low*  a  figure. 

ORGANIC  ACIDS.  Organic  adds. 

Oxalic  acid.  OxaUoaoid. 

Thorn,  who  has  made  an  exhaustive  study  of  the  entire 
process  of  manufacturing  oxalic  acid  from  sawdust,  finds 
that  the  best  results  economically  are  obtained  by  using  50 
parts  of  pine  sawdust  to  40  parts  of  caustic  potash  and  60  ^5^®'™***' 
parte  of  caustic  soda,  in  the  form  of  a  solution  marking  42^ 
B.  The  mixture  should  be  heated  in  thin  layers  on  iron 
plates,  and  a  fusion  of  the  mass  avoided.  The  yield  of 
crystallized  oxalic  acid  is  80  per  cent,  of  the  weight  of  wood 
employed.  Cellulose  gives  better  results  than  lignose,  and 
bran  possesses  no  advantage  over  wood.  Bohlig  prepares 
oxalic  acid  by  adding  sawdust  to  a  boiling  solution  of 
caostic  potash  at  36<^  B.  until  the  mass  becomes  thick.  It 
is  then  heated  for  several  hours,  when  it  presents  a  brown 
fluid,  to  which,  on  cooling,  enough  Water  is  added  to  form 
a  solution  of  40^  B.  The  oxalate  of  potassium  which  crys- 
tallizes is  changed  into  oxalate  of  magnesium,  and  the  pure 
acid  is  precipitated  from  the  solution  by  the  addition  of 
hydrochloric  acid.  Asselin  has  introduced  a  new  method  AaseUn's  pxo. 
at  St  Denis,  in  which  he  makes  use  of  the  nitrates  in  the  ^*** 
^aste  pickle  of  brass  and  copper  works.  These  are  brought 
in  contact  with  cheap  starchy  substances.  By  the  action 
of  the  free  nitric  acid,  oxalic  acid  is  produced.  This  form- 
ing a  precipitate  of  oxalate  of  copper  with  the  nitrates 
present  liberates  new  quantities  of  nitric  acid  to  continue 
the  decomposition,  which  is  maintained  until  the  supply  of 
nitrates  is  exhausted.  The  oxalic  acid  is  separated  from 
the  precipitate  of  oxalate  of  copper  by  means  of  sulphuric 
acid.  This  process  affords  an  ingenious  application  of  waste 
product  otherwise  entirelv  lost. 

The  use  of  oxalic  acid  in  beet-root  sugar  manufacture  is  iiso  in  beet-root 
becoming  greatly  extended.  Its  addition  is  found  to  insure  SSf '  "^'''*^'*'" 
^  i^golar  ebullition  during  the  boiling  of  the  concentrated 
juice.  The  generally  received  belief  in  the  poisonous  prop-  aa  to  the  poi 
Arties  of  oxalic  acid  has  recently  been  shown  by  a  Gh^rman  oxaiic'a^id.  ^  ^ 
demist  to  be  unfounded. 

Benzoic  acid.  Benzoic  acid. 

This  acid  is  produced  at  present  entirely  from  naphthalene 
Of  from  the  urine  of  herbiverous  animals.    One  establish- 
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Organic  aeide.  ment  ill  Eastern  Germany  nses  annnally  1,200,000  kilos  of 

the  latter  substance,  producing^  therefrom  3,500  kilos  of  ben- 

Sp^l^i**^*^'    zoic  acid.    Daubin  has  recently  commenced  to  utilize  the 

Daaoins    pro-  •^ 

cew.  quantities  of  liquid  obtained  from  the  slaughter-houses  of 

Paris,  which  are  calculated  to  yield  annually  4,500  kilos  of 
acid.  In  order  to  avoid  the  unpleasant  features  of  this 
manufacture,  t.  e.,  the  evaporation  of  the  urine,  Putz  pre- 
cipitates directly  the  hippuric  acid  as  hippurate  of  iron 
with  perchloride  of  iron,  brings  the  acid  into  the  form  or 
the  calcium  salt  in  solution,  and  precipitates  it  with  hydro- 
chloric acid.    An  analogous  method  is  in  use  in  Paris. 

Tartaric  acid.  Tartaric  acid. 

This  acid  is  now  obtained  in  large  quantities  from  th€= 
lees  of  wine,  which  after  pressing  contain  usually  10  pec 
cent,  of  tartrates.    One  house  in  Vienna  manufactures  aM 
present  200,000  kilos  of  tartaric  acid  from  this  source  alone^ 
Dietrich'*  Dietrich  has  introduced  the  following  method  lor  decom 

method.  .  .  ^ 

posing  tartar  m  order  to  save  the  potash  present.  Th^ 
tartar  is  mixed  with  chalk  and  heated  with  water  undezs 
pressure.  At  first  tartrate  of  calcium  and  bitartrate  o^ 
potassium  are  formed — 

2C4H5KO6+ CaOC03==  C4H4Ca06+ O4H4K2O6+ CO2+ H2O. 

By  the  solution  of  the  carbonic  acid  under  pressure  th^ 
chalk  is  dissolved  and  acts  I'urther  on  the  potash  salt — 

C4H4K2O6+ CaC03+  CO2+  HaO = C4H4Ca06+ 2KHCO3. 

The  final  products  are  tartrate  of  calcium  and  bicarbon- 
ate of  potassium. 

Pte«num.<ndi.  PLATINUM,  IRIDIUM,  PALLADIUM,  OSMIUM,  ETC. 

um,    pcMadium, 
osmium,  etc. 

The  magnificent  exhibits  of  platinum  and  allied  metals 
Johnson,  Mat  aiid  their  preparations  of  Johnson,  Matthey,  &  Co.,  on  ac- 
*'^'  **'  count  of  their  magnitude,  value,  beauty,  excellence  of  work- 
manship, and  their  exceptional  character  in  almost  every 
respect,  merit  more  than  a  passing  notice,  and  through  the 
kindness  of  Mr.  Sellon  the  following  short  account  is  repro- 
duced : 

StUon'a    ac-     **  From  the  year  1800  to  1809  a  relative  of  a  present  member  of  this 
^""*^*  eminent  firm  was  employed  in  working  npon  platinnra,  and  discovered 

the  jirocess  for  its  treatment  and  consolidation,  which,  generally  known 
as  the  process  of  Wollaston,  has  been  nutil  late  years  in  use  here,  and 
np  to  the  present  time  on  the  Continent.  The  first  apparatus  of  plati- 
num ever  made  for  the  concentration  of  sulphuric  acid  was  completed 
in  December.  1809,  and  was  supplied  to  some  works  now  existing  near 
London.  The  weight  of  platinum  used  in  this  apparatus  was  423 
ounces. 
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"The  work  of  this  firm  in  connection  with  this  valuable  metal  may   Platinum, iridi- 
be  sommed  np  onder  the  following  heads :  otmium.  etc. 

**The  metallurgy  of  platinum, 

''The  separation  and  production  in  a  state  of  purity  of  the  metals,    Sepatation  r.nd 
rare  and  precious,  of  which  the  native  ore  chiefly  consists,  viz :  Plati-  f^J^metau!*     *** 
nam,  nitheninm,  iridium,  rhodium,  osmium,  palladium,  large  quanti- 
ties of  which  are  now  in  the  Exhibition  in  a  state  of  great  purity. 

^^The  fu9icn  of  platinum  PUtiBom    fti»- 

ing. 
by  the  process  first  commercially  brought  to  notice  by  MM.  H.  St. 

Claiie  Deville  and  Debray  in  about  the  year  1856.  By  the  fusion  of 
pore  sponge  platinum  (instead  of  its  simple  compression,  uniting  it  by 
forging  under  the  old  system,  which  must  always  produce  metal  more 
or  less  porous)  it  is  obtained  in  a  condition  of  the  most  perfect  com- 
pactness, strength,  and  durability,  and  of  increased  resistance  to  the 
Mtion  of  acid.  Messrs.  Johnson,  Matthey,  &,  Co.  melt  ingots  of  pure 
platinnm  of  any  weight  up  to  10,000  ounces. 

**  The  patent  autogenous  soldering  Aniogoneous 

soldering. 

(i.  e.,  the  Joining  together  of  platinum  by  means  of  the  oxy-hydrogeu 
blowpipe).  Experiments  with  a  view  to  carry  out  this  process  were 
begnn  in  the  year  1859,  perfected  in  I860,  and  have  since  been  adopted 
by  the  firm  for  all  important  work.  The  boilers,  etc.,  shown  in  the 
London  Exhibition  of  186Q  were  all  manufactured  upon  this  system. 
It  is  manifestly  more  advantageous  that  the  whole  should  be  equally 
durable  and  uniformly  of  the  same  metal,  without  the  inequalities  and 
disadvantages  which  do  and  must  always  exist  with  gold  soldering. 
The  absolute  perfection  and  superiority  of  this  process  over  the  old 
Diethod  have  been  proved  by  the  results  of  working  more  than  160  con- 
<^trating  boilers,  of  capacities  varying  from  20  to  180  gallons.  By 
the  old  system  of  working  up  a  still  from  one  piece  of  metal  (which  is, 
however,  only  practicable  with  small  sizes),  that  x>ortion  of  the  appa- 
ntos  which  requires  most  strength,  the  bottom  and  lower  portion  of  the 
sides,  is  necessarily  the  thinnest,  whereas  the  dome  and  upper  portion 
of  the  sides,  where  least  strength  is  necessary,  becomes  the  thickest, 
thns  cansing  an  absolutely  useless  and  detrimental  waste  of  metal. 
When  nnder  the  old  system  gold-soldered  Joints  are  used  for  the  larger- 
"ized  vessels,  this  evil  is  only  partially  mitigated,  whilst  the  use  of  gold 
involves  extra  and  useless  cost  to  the  purchaser,  who  has  to  pay  not 
^y  for  the  gold  employed  at  three  times  the  price  of  platinum,  but 
*^  for  the  double  thickness  of  that  metal  where  unnecessary,  without 
in  the  smallest  degree  adding  to  the  durability  or  eflfective  working  of 
the  apparatus.  The  new  system  is  therefore  based  upon  true  metallur- 
^cal  principles,  the  whole  of  the  apparatus  being  rendered  more  per- 
fect and  solid  than  by  the  old  process,  with  the  great  advantage  of  the 
thickness  of  metal  being  regulated  in  accordance  with  the  relative 
^earand  tear  of  its  varioos  parts. 

** Apparatus  for  the  oonoeniraiion  of  sulphuric  acid.  Sir[*hiiric  add 

con4:«ntnt.on  ap- 
The  first  sulphuric  acid  still,  made  iu  1809,  was  of  a  deep  circular  pftratos- 

'^  and  was  worked  under  a  leaden  chamber.    Since  that  time  boil- 
^  and  pans  of  different  sizes,  some  entirely  of  platinum  and  some 
^th  leaden  hoods,  were  in  use  up  to  the  year  1855,  the  principle  being 
6  P  B VOL  4 
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PlaHnum,  iridi'  to  have  a  deep  layer  of  acid,  digested  for  a  coDsiderable  time.     In  1K5 

JJrolittwi^Sc.*""*'  Messrs.  Johnson,  Matthey,  &.  Co.  showed  in  the  Paris  Exhibition  a  still 

Sulphuric  QQQgtrncted  upon  the  principle  of  running  through  in  a  oontinuoos 

tion  still  of  John- stream  a  shallow  layer  of  acid  of  about  two  inches  in  depth,  the  draw- 

m^  Matthey,  &  j^g  ^^^  which  had  been  prepared  by  the  eminent  chemical  engineer, 

Mr.  W.  Petrie.  In  1832  they  again  exhibited  an  improved  apparatus 
on  the  same  general  principles,  but  with  an  arrangement  by  which  the 
acid  was  drawn  from  a  compartment  in  the  center  of  the  vessel,  by  a 
tube  connected  through  its  side  with  the  cooler. 

**  A  writer  in  a  G«rmau  contemporar}*^  remarks  that  this  process  of 
working  with  corrugated  rectangular  boilers  has  had  astonishingly 
favorable  results.  The  flat  layer  of  acid  sliding  on  the  corrugated  sur- 
face is  forced,  by  the  effect  of  the  partitions  placed  in  the  vase,  a  little 
above  the  bottom,  and  produces  thus  a  continual  concentration  at  66° 
full,  which  in  the  other  known  systems  does  not  take  place  in  the  great 
Advantages,  generality.  By  the  employment  of  this  new  system  there  is  said  to  bo 
an  economy  of  50  per  cent,  in  the  first  saving  of  platinum,  of  70  per 
cent,  in  the  cost  of  attendance  and  general  labor,  and  48  per  cent,  iiu 
the  consumption  of  fuel. 

Alloys  of  plati-  ^^ Alloys  of  platinum, 

num. 

''The  preparation  of  the  alloys  of  platinum  of  this  firm,  especially^ 
of  the  alloy  with  10  per  cent,  of  iridium,  demand  special  attention. 
Planed    meter  They  show  a  meter  rule  in  course  of  construction  by  the  system  o^ 
™^®*  •  planing'  instead  of  the  method  of  drawing  through  plates,  being  th^ 

most  effectual  for  obtaining  mathematical  exactness  of  shape  and  per^ 
feet  purity.    They  also  show  a  finished  kilo  standard  weight,  of  th9 
density  21.52. 
Exhibits.  ^^  Exhibits, 

Pyrometer,      *'  The  following  also  deserve  attention :  Platinum  and  gold  pyrometer 
f^Mn^  e^^  ^^  determine  the  degree  of  heat  in  the  boiler ;  laboratorj'  alembic  for 

making  hydrofluoric  acid,  etc. ;  platinum  assay  apparatus ;  square  and 
round  platinum  serpentines  of  extraordinary  workmanship,  shown  as 
specimens  of  the  perfection  of  autogenous  soldering ;  platinum  tube, 
500  centimeters  long,  in  one  piece,  diameter  0.05™™ ;  palladium  tube 
and  ingot ;  pure  palladium  mass,  weight  65^  kilos,  value  260,000  frs. 
(£10,400),  extracted  from  about  125,000,000  frs.  worth  of  native  plati- 
Palladimn  disk  nnm  and  gold ;  pure  palladium  disk,  in  which  nearly  a  thousand  times 

hydroiren^iKas.      '^®  ^'^^°™®  ®^  ^y^™S®°  g*®  ^^^  heen  occluded.     This  volume  of  gas 

would  bo  represented  by  a  column  nearly  2,000"'"'  high,  and  100™™  di- 
ameter.    Original  diameter  of  flat  disk  of  metal,  100™™ ;  diameter  after 
the  charging  of  gas,  102.5™™,  the  concavity  having  been  caused  simply 
by  the  absorption  of  gas ;   original  thickness,  2™™ ;   thickness  after- 
wards, 2.2™™;   original  weight,  187.3775  grms. ;    weight  afterwards, 
FUtiiiiferoiis  188. 2382  grms.    Platiniferous  metals,  viz :  Pure  ruthenium,  2  kilos  (com- 
"Ruttienium.      pressed  ingot),  value  40,000  frs. ;  pure  rhodium,  2  kilos  (melted  ingot); 
Rhodiam.         pure  osmium,  2  kilos;  pui-e  iridium,  2  kilos  (melted);  pure  palladium, 
Irfcnnm.  2  kilos  (forged  ingot) ;  fine  wires  of  the  metals  gold,  platinum,  palla- 

Palladimn.        ^imn^  silver,  copper,  iron,  aluminum,  each  of  0.001  in.  =  0.025™™  diam- 
eter, 1  kilometer  of  eat'h,  weighing  as  under : 

Grms. 

Gold 18.66 

Platinum    20.0 

Silver 10.16 

Copper a  50 
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Grms.      Platinum   and 

PaUadimn 15  gOgo/in^eroMmei- 

Alominam 3. 0 

Iron 7.0 

"The  rare  metallic  preparations  exhibited  include  osmic  acid,  bypo- 
rnthenic  acid,  platincHcyanide  of  maguesium,  sodio-chloride  of  rho- 
dium, etc." 

The  uses  of  platinum,  palladiam,  iridium,  osmium,  are    Uses  of  theio 
not  very  numerous  nor  of  great  extent,  but  some  are  of 
great  importance  and  all  are  of  interest. 

Platinum  in  a  state  of  extreme  division  resulting  from  As  a  mm  for 
the  reduction  of  the  bichloride  of  the  metal  is  employed 
with  good  effect  to  cover  various  objects  with  a  thin,  inal- 
terable film,  which  serves  to  protect  them  from  the  influence 
of  atmospheric  agencies,  and  also  to  produce  certain  chro- 
matic effects. 

Several  methods  are  employed  for  coating  metallic  objects ;  j^^^®!J^  *^ 
for  example,  by  rubbing  the  surface  of  the  article  to  beJeots. 
coated  with  a  mixture  of  a  chloroplatinate  and  tartar,  by 
boiling  the  objects  in  a  solution  of  platinum  salt,  or  by  means 
of  galvanoplasty. 

The  liquids  usually  employed  are  a  mixture  of  bichloride    soiauons  eok* 
of  platinum  and  of  common  salt  or  of  the  bichloride  with^  ^ 
organic  matters,  and  the  solutions  are  rendered  slightly 
alkaline. 

The  process  suggested  by  Bcettger  seems  to  be  the  most   Bosttgor's  pr^ 
practical  and  is  the  one  generally  employed.    It  consists  of  *^***' 
a  solution  of  bichloride  of  platinum  to  which  carbonate  of 
soda  is  added  until  effervescence  ceases.    To  this  solution 
a  little  glucose  (starch  sugar)  is  added  ;  the  whole  is  then 
mixed  with  a  solution  of  chloride  of  sodiuai. 

Small  objects  may  be  platinized  by  placing  them  in  a  zinc   Platinising, 
basket  and  plunging  them  for  a  few  moments  with  the  solu- 
tion heattd  to  14(P  Fahr.,  and  afterwards  well  washed  and  ' 
dried  in  saw-dust. 

The  following  mixture  forms  an  indelible  ink  for  writing   indelible    ink 
on  zinc  labels:  farnuciabei.. 

Chloride  of  platmum 10  grains. 

Gam  arable 10  grains. 

Pore  water 2  fluid  drams. 

On  writing  on  bright  zinc  surfaces  with  a  quill  pen  this 
^nk  produces  velvety  black  traces  which  are  as  enduring  as 
^e  plate  itself.     Platinum  is  used  for  the  production  of 
oertain  colors  in  the  decoration  of  porcelain,  faienccj  and  fine   Enamel  colon 
*^rthenware.     For  this  purpose  a  solution  of  chloride  of  ^^'p®*^*®*"**- 
platinum  in  alcohol,  to  which  a  little  oil  of  lavender  is  after- 
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latSil/J^mumtt^^^^  added,  is  evenly  laid  on  the  porcelain  sorface  by 
»'«  means  of  a  cameFs-hair  pencil,  after  which  the  object  is  ex* 

X)osed  to  the  furnace, 
^^piatiniaed  ves-     n  jg  claimed  that  porcelain  and  glass  vessels  heavily 

coated  with  platinum  may  successfully  replace  for  many 
purposes  the  more  expensive  vessels  of  the  solid  metal. 
Platinized  mir-     This  mctal  is  stated  to  be  extensively  used  for  the  back- 

rora. 

ing  of  plate-glass  for  mirrors,  as  well  also  as  for  making 
single  image  mirrors,  which  is  done  by  depositing  the  plati- 
num on  the  front  surface  of  the  glass }  the  metal  goes  on 
with  a  brilliant  surface,  little  inferior  in  reflecting  power  or 
"  whiteness'^  to  silver, 
^^oraaraentatira  Many  of  the  kuick-kuacks  known  as  "  articles  de  Paris^ 
Paris.''  are  ornamented  with  this  metal,  such  as  buttons,  jewelry, 

etc. 

Use  in  photog-  Inalterable  photographs  on  porcelain  are  made  by  treat- 
ing  the  silver  photograph  with  a  solution  of  bichloride  ol 
platinum ;  the  chloride  of  silver  resulting  from  the  action  ie 
carefully  washed  out,  and  the  image  is  transferred  to  the 
porcelain  sui*face,  where  it  is  fixed  by  fusing  the  metal  intc 
the  enamel. 

Alloys  of  piati-  Many  alloys  of  platinum  with  other  metals  have  beer 
made,  the  most  important  of  which  appears  to  be  that  con- 

piatino-iridiom.  sisting  of  90  parts  of  platinum  and  10  parts  of  iridium,  which 
possesses  properties  so  remarkable  that  it  has  been  adopted 
as  the  material  for  the  construction  of  the  standard  meter 
furnished  to  the  various  governments  by  the  French  Com- 
mission. This  alloy  is  very  hard,  elastic  os  steel,  and  quite 
inalterable  by  atmospheric  gases  or  vapors.    In  the  process 

£taion  metre,   of  making  the  Stalon  metre  it  is  absolutely  necessary  to  ob- 
tain a  mass  of  the  alloy  of  uniform  density  and  perfect 
homogeneity;   for  this  purpose  the  metals  are  fused  by 
oxyhydropn means  of  a  series  of  oxy hydrogen  blowpipes  nicely  fitted 
uace.  into  a  furnace  entirely  constructed  of  limestone.    A  hand- 

some model  of  this  furnace  with  the  compound  blow-pipes 
attached,  capable  of  fusing  at  one  heat  an  ingot  weighing 
500  lbs.,  is  exhibited  by  the  CommisHion  du  Metre. 

Uses  of  paiia.     The  associatcd  platinum  metals  have  found  limited  appli- 
™'  cations  in  the  arts.    Palladium  has  been  employed  in  the 

form  of  alloys  for  the  points  of  pencils,  lancets,  as  a  substi- 
tute for  gold  in  dental  plates,  and  especially  for  the  fabri- 
cation of  the  graduated  scales  of  physical  instruments, 
notably  those  used  for  astronomical  purposes.  This  metal 
is  well  adapted  for  this  purpose  on  account  of  its  inaltera- 
bility and  its  color,  which  is  very  similar  to  that  of  silver. 
Its  high  price,  however,  has  restricted  its  use  very  much. 


num. 
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The  carious  property  which  palladium  possesses  of  ab-  Pniiadiwn 
sorbing  hydrogen  io  large  quantity  was  first  observed  and 
described  by  Graham,  and  excited  great  iutei^Ht  among 
8cieutiflc  men  on  account  of  the  additional  proof  it  affords 
of  the  metallic  nature  of  that  gas.  Johnson,  Matthey,  &  Co.  ^  AbBorpUon  of 
exhibited  a  disk  of  the  metal  in  which  a  thousand  times  its 
volume  of  hydrogen  is  occluded.    (See  page  06.) 

Iridium  is  employed  in  porcelain  painting  for  x>roducing  ijsesof  uidiuio. 
fine  blacks  and  grays,  its  8esquioxid<^  being  used  without  the 
nlightest  inconvenience  with  other  vitreous  jiigments.    Tlie 
metal  in  the  shape  of  wire  and  plate  lis  used  for  the  elec- 
trodes of  galvanic  batteries. 

The  natural  alloy  of  osmium  and  iridium  has  long  been  uaes  of  iridoa- 
used  for  pointing  metallic  pens  and  for  the  purpose  ol  form-  °*  ^^' 
iDg  the  points  and  surfaces  of  suspension  of  marine  com- 
passes, for  which  it  is  peculiarly  adapted  on  account  of 
its  inalterability,  its  hardness,  its  freedom  from  elasticity, 
aud  magnetic  qualities.  On  account  of  their  variety  and 
the  difficulties  attending  their  preparation,  rhodium  and 
ratheniam  have  not  been  applied  to  any  useful  purposes  in 
the  arts. 


ARTIFICIAL  FLAVORING  EXTRACTS.  Artificial m^. 

ing  extractM. 

An  exceedingly  novel  and  interesting  branch  of  manu- 
facture is  that  of  artificial  vanilla,  introduced  within  four 
years  into  France  and  Germany.    The  source  of  this  favor-    Scmrces  of  vtv- 
ite  flavoring  extract  has  hitherto  been  Mexico,  the  West  In-  ° 
dies,  South  America,  Java,  and  Mauritius,  where  the  pods 
of  the  vanilla  plant  are  carefully  dried  and  jirepared  for  ex- 
port.   The  best  sorts  of  vaniUa  pods  occurring  in  commerce 
coatain  usually  from  1.5  to  2.5  per  cent,  of  the  aromatic    Porc^ntage  of 
principle  vanillin,  to  which  the  vanilla  owes  entirely  its  taste 
^nd  odor.    The  annual  conssumiition  of  vanilla  is  about  5,000    consuraption. 
Mos  in  the  United  States  and  30,000  kilos  in  France,  from 
^hich  figures  it  is  evident  that  but  a  few  thousand  kilos  of 
vanilla  would  be  required  to  satisfy  the  present  demand  for 
this  flavfuing  matter.    The  manufacture  of  the  artificial  .Artificial    vn- 
vanillin,  as  conducted  at  present,  uses  as  raw  product  the  fenn. 
coniferin,  a  glucoside  occurring  in  the  cambial  secretion  of 
all  coniferous  plants,  and  obtained  in  Germany  chiefly  from 
the  red  and  white  firs  found  abundantly  in  the  Black  Forest 
and  Thuringia.    The  bark  is  stripped  from  the  trees  early 
i't  spring,  and,  by  means  of  fragments  of  glass  or  knives, 
tile  sap  and  a  x>ortion  of  the  soft  bast  are  scraped  off  and 
collected  in  vessels.    On  account  of  its  readiness  to  undergo 
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ftw'#^S»***^  fermentation,  the  sap  is  filtered  at  once  from  the  bast,  boiled 

for  a  short  time,  and  then  filtered  from  the  albuminous  mat- 
ter coagulated  by  the  heat.  The  filtrate  is  evaporated  to  a 
fifth  of  its  volume,  and  then  allowed  to  crystallize.  By  this 
means  100  liters  of  sap  yield  from  J  to  1  kilo  of  crystallized 

Preparation  of  conifcrin.  This  is  oxidized  with  the  familiar  mixture  of  sul- 
phuric  acid  and  bichromate  of  potassium,  and  the  vanillin 
formed  thereby  extracted  with  ether  or  by  a  current  of 
steam.  Complete  purification  from  the  vanillic  acid  formed 
at  the  same  time  is  attained  by  taking  advantage  of  the 
aldehyde  nature  of  vanillin,  and  separating  it  in  the  form  of* 
the  sodium  bisulphite  compound.  After  being  set  at  liberty 
from  this  compound,  vanillin  is  obtained  in  the  form  of  a 
white  crystalline  powder,  melting  at  81®  C. ;  20  gxams  o: 
which  correspond  to  a  kilo  of  the  best  vanilla.  This  manu- 
facture is  the  result  of  a  valuable  research  on  coniferin  car- 
ried out  in  the  laboratory  of  Professor  Hofmann,  at  Berlin,, 

Haannaim    &  by  Haarmauu  and  Tiemann  in  1873.    From  their  investiga- 
tions it  was  shown  that  coniferin  was  a  glucoside  capable  o^ 
being  formed  by  the  union  of  glucose  and  coniferyl  alcohoL 
under  elimination  of  water,  or  of  being  resolved  into  thes^ 
substances  by  the  action  of  emulsin  or  dilute  acids — 

Formula  of  yi  Coniferin  +  water  =  glucose  +  coniferyl  alcohol: 

01632208+^20  ^  CeHuOfi+CioHuOs. 

Both  coniferin  and  coniferyl  alcohol  yield  on  oxidation, 
vanillin,  CsHsOa,  or  methyl  pro tocatechuic  aldehyde 


CcH: 


the  name  assigned  to  this  compound  in  accordance  with  the 
nomenclature  accepted  at  present,  and  based  on  very  exact 
analytical  decompositions. 

The  establishment  of  the  above  comparatively  simple  for- 
mula of  vanillin,  and  of  its  exact  position  in  the  series  of  aro- 
matic compounds,  has  naturally  incited  other  efforts  to  pre- 
pare this  valuable  principle  from  other  closely  allied  bodies. 
Of  these  attempts  two  have  been  successful.  The  methods, 
although  patented,  are  still  too  costly  to  permit  of  competi- 
tion with  that  just  described. 
Reimer'smcth-  The  first  of  thcsc  was  discovcrcd  by  Reimer,  in  1876,  and 
is  based  on  a  most  important  reaction  due  to  this  chemist, 
viz,  the  introduction  of  the  aldehyde  group  CHO  in  phenols 
by  the  action  of  chloroform  in  presence  of  alkalies.    Thus, 


od. 
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ordinary    pheDol  —  CcHoOH  —  yields    salicylic    aldehyde,  ^^  '^^J^J/**^ 

iOH 
OHO     "^  ^®  manner  guaiacol,  or  methyl-pyrocate-    vmimn. 

{OCH 
QCT   ' — one  of  the  constituents  of  beech-tar 

creosote — is  changed  by  the  action  of  chloroform  into  the 
corresponding  aldehyde,  t.  e.,  vanillin — 

(OCH3 
CcHa  \  OH 
(CHO. 

The  second  method,  discovered  by  Tiemann,  is  based  on     ,^  TieiMim'* 

'  *^  '  method. 

the  oxidation  of  the  eugenol  contained  in  oil  of  cloves,  oil 
of  pimento,  and  other  volatile  oils,  a  colorless  aromatic 
liquid  closely  aUied  to  tlie  coniferyl  alcohol  mentioned 

above — 

(  OOH3  (  OCH3 

Eugenol  =  CeHa  I  OH    ;  coniferyl  alcohol  =  Cc  U3 1  OH 

(  C3H5  (  C3H4OH. 

It  consists  in  the  extraction  and  purification  of  the  eugenol 
in  oil  of  cloves  5  introduction  of  the  acetyl  group  by  treat- 
iQent  with  acetic  anhydride ;  oxidation  of  the  aceto-eugenol 
thus  formed  with  potassium  permanganate ;  elimination  of 
the  acetyl  group  from  the  resultant  acetovanillin  by  means 
of  weak  alkalies ;  and  extraction  oi'  the  pure  vanillin  with 
ether. 

The  above  reactions  and  operations,  based  on  elaborate 
^nd  minute  researches,  show  in  a  striking  manner  the  de- 
pendence of  industrial  chemistry  on  the  so  frequently  de- 
eded theoretical  investigations  of  the  modern  chemical 
^boratory. 

Bump  found,  in  1878,  vanillin  in  Siamese  benzoin  resin,  Rump's  mt^- 
*nd  separated  it  from  the  residual  liquors  after  the  treat- 
nient  with  lime  for  the  separation  of  the  benzoic  acid  In 
the  same  year  E.  Serullas,  of  Paris,  has  extracted  from  the  senoias*  meth. 
pericarp  of  oats  an  essential  principle  to  which  he  gives  the 
^^e  avetieiney  and  obtained  vanillin  from  this  body  by  the 
ordinary  methods  of  oxidation. 


OZOKERIT.  (MmiL 

Ozokerit  is  found  m  small  quantities  at  Binney  Quarry, .  Somoeaof  o«>< 
Linlithgowshire,  in  Wales,  and  in  coal  mines  near  Newcastle. 
It  is  chiefly  obtained,  however,  from  Galicia,  where  it  occurs 
in  connection  with  petroleum  springs  in  the  blue  clay  of  the 
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ozokeHL      miocene  formation,  principally  in  Borislav,  near  Drohobycz, 
Sources  of.       and  Dzwiniacz,  near  Stanistawow,  at  the  northern  foot  of 
the  Carpathian  Mountains,  and  at  Swatoi-Ostrow,  an  island  in 
the  Caspian  Sea.  In  1875  about  20,000,000  kilos  were  mined, 
of  which  eight-ninths  came  from  Borislav  alone. 
Character.  Native  ozokorit  of  the  best  quality  is  translucent,  of  a 

honey-yellow  color,  and  about  as  hard  as  common  beeswax. 
It  is  sometimes  found  in  lumps  and  layers  from  1  to  3  ft. 
in  thickness,  weighing  several  hundredweights.    More  fre- 
quently, however,  it  occurs  in  thin  layers  and  small  pieces, 
which  must  be  separated  from  associated  minerals.    Th^ 
smallest  pieces  are  obtained  by  a  process  of  washing.    Th^ 
poorer  qualities  are  highly  colored,  often  quite  black,  and. 
are  either  too  soft,  from  incorporated  petroleum,  or  too  hard^ 
like  asphalt ;  are  maijily  used  for  the  production  of  paraffine* 
Used  for  manu.  The  bcst  ycllow  qualities  are  used  for  the  manufacture  of 

focture   of  core-  •^  ^ 

^e  and  parof-  "ccresiue,"  a  factitious  "wax,*^  which  is  largely  exx>ortedaa 

beeswax.  In  making  psirafilne  from  ozokerit,  which  yields 
on  an  average  of  42  per  cent.,  according  to  the  quality  of 
the  mineral,  the  crude  liycb^ocarbon  is  first  melted  and  drawn 

Process.  oflf ;  the  residue  boiled  with  water  to  recover  the  last  por- 
tions remaining  in  the  partially  exhausted  mass ;  the  whole 
allowed  to  stand  for  several  liours  for  any  suspended  matters 
to  settle  out,  and  the  fused  liydrocarlmn  poured  into  molds, 
which  contain  100  to  120  lbs.  It  is  shipped  without  furthei* 
preparation  to  Vienna,  Paris,  London,  and  other  places, 
where  it  is  further  purified  and  conveiied  into  beeswax,  il- 
luminating oils,  and  parafiine. 

Mimuiactarecf    The  mauufactiu^  of  paraffine  is  effected  by  distillation  over 

paramne.  * 

direct  fire,  from  flat-bottomed  iron  retorts  holding  1,500  to 
2,000  lbs.,  the  products  of  such  working  being — 

Pcreent 

Benzine 2  to    8 

Naphtha 15  to  20 

Paraffine 36  to  50 

Heavy  lubricating  oils 16  to  90 

Coke 10  to  20 

The  paraf&ne  is  pressed,  treated  with  sulphuric  acid  and 
caustic  soda,  filtered  through  paper  and  fine  animal  char- 
coal, and  manufactured  into  candles.    (Gbabowsky). 
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EXHIBITORS  OF  CHEMICAL  PRODUCTS. 


AUSTRIA-HUNOART.  ADmuA-HUM 

OAUT. 


The  chemical  industries  of  this  empire  still  rests  behind  ^  chomioai    in. 

.,  ^__  _,  i^-r^..  •■  dustrie*    behind 

moee  of  France,  Germany,  and  Great  Bntain,  and  are  far  thoso  of  France, 
from  attaining  a  relation  commensurate  with  the  extent  of  Briuo^^' 
the  coontry  and  its  natural  wealth  in  natural  products.    A 
few  of  the  leading  establishments  are  fully  abreast  of  the 
natioiis  in  the  rapid  march  of  improvement  in  chemical 
technology ;  many  of  them,  however,  retain  methods  and 
processes  long  since  discarded  in  Western  Europe.    Apart 
fonn  a  number  of  small  establishments  for  the  production 
of  tartar  and  potash,  Austria  contains  85  chemical  works,        Eightyflve 
situated  chiefly  in  Bohemia,  Silesia,  and  lower  Austria.    The  L  BobemiiTsue^ 
apparently  unlimited  supplies  of  salt  and  pyrites  of  iron  Imitruv.     **^*' 
form  the  basis  of  most  of  these  manufacturing  interests. 
While  more  than  exceeding  the  home  demand  for  sulphuric 
and  other  acids,  Austria's  alkali  production  is  still  insuffi- 
cient, and  the  deficiency  is  met  by  importation  mainly  from 
England. 

The  chief  products,  according  to  statistics  taken  from  the  Looautiea  and 
(xmxB  of  1870 — since  which  time  there  has  been  a  notable  in-  chief  ohomicia 
crease  in  many  branches — are:  Sulphuric  acid,  annual  pro-  ^  ""*** 
duction,  over  40,000,000  kilos ;  seats  of  thisindustry  being 
at  or  in  the  neighborhood  of  the  following  places :  Vienna, 
Voralberg,  Silesia,  Wiirbenthal,  Hruschau,  Petrowitz,  Bo- 
hemia, Aussig,  Prague,  Kasnau,  Kralup,  etc.  Nordhausen 
solphnric  acid  is  produced  at  the  establishment  of  Stark,  in 
Bohemia,  to  the  amount  of  1,720,000  kilos  per  annum ;  hy- 
drodiloric  acid,  30,000,000  kilos ;  nitric  acid,  3,000,000  kilos ; 
sulphate  of  soda,  16,946,500  kilos;  soda  crystals,  3,221,600 
^os;  calcined  soda,  7,291,100  kilos,  in  Bohemia  and  Silesia; 
bicarbonate  of  soda,  234,400  kilos ;  caustic  soda,  526,000  kilos ; 
caustic  soda-lye,  66,000  kilos;  chloride  of  lime,  1,400,000 
^08 ;  nitrate  of  potash,  1,050,000  kilos,  and  nitrate  of  soda, 
5,600 kilos,  in  Simmering,  Hrastning,  Prague,  Carolinenthal, 
Welwam,  and  Triest ;  yellow  prussiate  of  potash,  470,000 
UoB,  in  Briinn,  Drozdov,  and  Vienna ;  arseniate  of  potas- 
sium, 5,600  kilos ;  bichromate  of  potass.,  112,000 ;  sulphate 
and  hydrochlorate  of  ammonia, 210,000  kilos;  hyposulphite 
of  anmionia,  43,000  kilos;  hyposulphite  of  soda,  75,000 
^ilos;  sulphate  of  magnesia,  16,800  kilos;  acetate  of  lead, 
^90,000  kilos;  acetate  of  iron,  101,000  kilos ;  acetate  of  alu- 
Quna,  33,000  kilos ;  acetate  of  calcium,  30,000  kilos;  acetate 
of  sodium^  672  kilos;  sulphate  of  copper^  65,000  kilos;  sul- 
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^u»TBiA.HUN.   phateof  zinc,  8,000  kilos:  ammonia  alum,  56,000  kilos 

— - — trate  of  iron,  560  kilos ;  mercury  salts,  3,360  kilos ;  tin 

106,000  kilos ;  nitrate  of  zinc,  840  kilos ;  tartrate  of  \ 
slum,  218,000  kilos ;  double  tartrate  of  sodium  and  \ 
sium,  9,800  kilos ;  tartaric  acid,  23,000  kilos. 

Anstria'schem-  At  present  Austria  imports  6,765,000  kUos  of  suli 
4,737,000  kUos  of  nitrate  of  soda;  11,870,800  kilos  01 
bouate  of  soda  in  various  forms ;  668,100  kilos  of  sul] 
and  bisulphate  of  soda ;  2,158,61)0  kilos  of  chloride  of  i 
sium*,  1,971,000  kilos  of  chloride  of  lime;  and  403,900 
of  caustic  soda. 

chemicaiworkB     The  most  important  chemical  works  of  the  Austriai 

of  tho  Empire.         .  ^     . 

pire  represented  were : 
oesterreicher     Oestcrreicher  Verein  fiir  Chymische  und  Metallnrg 
m^he  uBd  Mo^  Productiou,  Aussig  and  Kralup,  Dr.  Max  Schaffner,  dir« 

ftUoi'ffiBcho 

well  known  by  his  method  for  the  regeneration  of  sul] 
ner. '  This  establishment,  which  is  the  most  extensive  of  the 

trian  soda  works,  and  one  of  the  most  complete  in  En 
exhibited  all  the  products  of  the  soda  industry.  Tl 
nual  production  of  this  company  is : 

Annaalprodao-  Sulphuric  acid 17, 5 

*^***''                   Crude  sulphate  of  soda 15,0 

Crystallized  sulphate  of  soda 5 

Calcined  soda 6, 2 

Soda  crystals 3, 0 

Caustic  soda 1,5 

Hydrochloric  acid 21,7 

Chloride  of  lime 2,  f; 

Nitric  acid 1,5 

Saperphosphates 2, 5< 

Hyposulphite  of  soda 5 

Sulphur,  recovered  from  residues 1,0 

Bicarbonate  of  soda 41 

Chlorate  of  potash i 

Chloride  of  barium 5 

Sulphide  of  sodium 41 

The  establishment  was  founded  in  1857,  has  a  cfipi 
$2,500,000,  and  the  value  of  its  annual  productions  am< 
to  $1,500,000 ;  2,000  workmen,  and  engines  with  500-' 
power,  find  occupation  here.  Large  quantities  of  tha 
are  obtained  as  a  by-product  from  the  Westphalian  pi 
used.  The  exhibits  included  a  fine  model  of  the  towe 
ployed  for  the  condensation  of  the  hydrochloric  acid, 
se  bS^T**co^  Wagenmann,  Seybel,  &  Co.,  Vienna :  Works  found 
viemui.  '  1828 ;  employ  200  workmen.    This  manufactory  poss 

six  series  of  vitriol  chambers,  with  three  of  which  pyriti 
used ;  with  two,  Sycilian  sulphur ;  and  with  one,  sulphi 
generated  by  Laming's  method.    In  the  latter  process 
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siate  of  potash  and  ammonia  salts  are  prepared  from  the    ^"^J^'^^"^*- 

mass  before  it  is  roasted.   The  yearly  production  is  7,000,000 

kilos  of  sulphuric  acid.  Four  platinum  stills,  representing  ^oHih.  ^***™^*^ 
a  value  of  $50,000,  are  used  for  the  concentration  of  the 
acid.  From  the  Vienna  gas- waters  the  establishment  pre- 
pares yearly  100,000  kilos  of  caustic  ammonia  and  300,000 
kilos  of  ammonia  salts ;  from  the  treatment  of  Styrian  spa-  wagenmann, 
thic  iron  with  sulphuric  acid,  300,000  kilos  of  ferrous  sul- 
phate, and,  in  addition,  1,500,000  kilos  of  hydrochloric  acid, 
1,500,000  kilos  of  nitric  acid,  40,000  kilos  of  tm  salts,  60,000 
kilds  of  sulphate  of  copper,  75,000  kilos  of  acetate  of  lead, 
etc  An  important  article  in  the  list  of  the  products  of 
this  manufactory  is  tartaric  acid,  prepared  from  the  pressed 
and  dried  lees  of  wine,  an  industry  created  mainly  by  the 
researches  and  efforts  of  E.  Seybel.  The  annual  production 
of  this  substance  is  224,000  kilos,  most  of  which  is  exported 
to  Russia. 

L.  Koller,  Briinn :  This  manufacturer  makes  a  specialty        l.  Km«r, 
of  tartaric  acid  and  its  salts.    His  exhibit  was  tartrate  of 
calcium. 

F.  C.  Schwab,  Pettau:  Refiner  of  sulphur  and  saltpeter,    p.  c.  Schwab, 
Annual  production  400,000  kilos  of  i*eflued  sulphur,  and 
60,000  kilos  of  saltpeter. 

Consorzio  delle  Saline  di  Pii^ano,  Istria :  Crude  and  re-    Conaorzio  aeiie 
fined  salts  obtained  from  sea-water,  bromine^  chloride  of  istria. 
lime,  sulphate  of  soda,  and  sulphuric  acid.    Value  of  annual 
pitKluction,  $50,000. 

B.  Margulies  &  Co.,  Vienna :  Ammonia  and  its  salts  and  b.  MargnUes  & 
saltpeter.  ""•^'""'^ 

Committee  of  Upper  Austria,  lodbad  Hall :  Salts  of  iodine .    committoe  of 

»  Upper  Austria. 

luiperial  Department  of  Agriculture,  Vienna :  Uranium  imp.  Dept  of 
salts.  ''*^'* 

Imperial  Department  of  Mines,  Vienna:  Mercury,  cinna-  imp.  Dept  of 
bar,  salts  of  uranium  and  of  vanadium. 

Cassoni  &  Calatta,  Val  di  Ledro :  Magnesia  and  salts  of,  caMoni  &  Ca- 

'  *=*  latto,  Val  di  Le- 

magnesia.  dro. 

Societes  des  Chemins  de  Fer  de  Pl^tat :  The  establish-    soo.  dea  che- 
ments  of  the  company  in  Moldova,  Hungary',  exhibited  sul-  rfiut.  ®    ®'   ® 
phut  ic  acid,  sulphates  of  soda  and  copper.    The  annual  ca- 
pacity of  the  sulphuric  acid  works  is  1,500,000  kilos ;  30,000 
kilos  of  sulphate  of  soda  are  manufactured  from  nitrate 
of  soda.    The  yearly  yield  of  sulphate  of  copper  is  207,000 
kilos,  and  263  kilos  of  silver  are  obtained  from  the  argen- 
tiferous residues  of  the  manufacture. 
8oGiet<^  Hongroise  pour  le  Lavage  des  Laines,  Buda-Pest*    soc  Hongroiae 

1^  «:?  *  %^  I  pour  Lava  o  dua 

'Exhibited  potash  obtained  from  suint  of  wool.    Cream  of  Loinea,  BVPest. 
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tartar  was  exhibited  by  a  number  of  Hungarian  establish- 
ments. 

BBLQIUM.  BELGIUM. 


In  Belgium,  notwithstanding  its  vast  deposits  of  coal,  the 
chemioai  various  chemical  industries  occupy  a  comparatively  subor- 
dinate  position.    The  establishments,  although  numerically 
KnmericaUy  few,  are  Still,  Individually,  of  considerable  extent,  and  th^ 
siderabie  extent,  latcst  improvements  in  technical  methods  are  in  full  opera- 
tion.   The  annual  production  of  sulphuric  acid  is  about' 
30,000,000  kilos.    The  soda  industry,  so  important  to  th^ 
extensive  glass  manufactures  of  Belgium,  stands  at  a  high, 
point  of  perfection.    The  leading  exhibit  was  naturally  that^ 
of— 
^  soiyay  Sc  Co.,     Emest  Solvav  &  Oo.,  of  Oouillet :   This  establishment. 

Couillei.  •  '  ^ 

founded  in  1865,  is  the  one  in  which  the  practicability  of 
the  new  ammonia-soda  process  was  first  successfully  demon- 
stated.    They  sent  a  fine  exhibit  of  the  various  products  by 
this  method,  including  hydrochloric  acid  obtained  from  the 
residual  chloride  of  calcium,  and  a  series  of  plans  of  appa- 
ratus for  regenerating  the  ammonia  used  in  the  process. 
One  hundred  and  ten  workmen  are  employed,  and  the  an- 
nual production  of  soda  amounts  to  7,500,000  kilos. 
Fab.  dM  Pro-     Fabriquc  dcsProduits  Chi  1 11  iqucsd'Auvc  J  ais  manufactures 

d'Anveiais.  sulphuric  and  hydrochloric  acids,  sulphate  of  soda,  and  phos- 
phates. This  establishment,  founded  in  1851,  employs  160 
workmen,  possesess  10  vitriol  chambers,  and  produces  annu- 
ally acid  valued  at  $400,000.  It  is  well  known  for  the  enter- 
prise manifested  in  the  introduction  of  very  i)erfect  armnge- 
ments  for  the  condensation  of  the  hydrochloric  acid  vapors. 

B«r*  ^^^'  ^^     Soci6t6  Anonyme  de  B61ian,  Mesvin :  Acids,  so<la,  phos- 
phates. 
David  &  Co.,     David  &  Co.,  Moustier :  Pure  soda  salts,  especially  bisul- 

MouBtier. 

phite,  hyposulphite,  sulphydrate,  and  phosphate  of  soda. 
E.Lftnnoy,Fii8,     E.  Lauuoy,  Fils,  &  Co.,  Brussels:  Neutral  sulphate  of 

&  Co.,  Bnwuelfl.       ,        .  ' 

alumma. 

Koch  &  Keis,  Koch  &  Rcis,  Auvcrs.  Exhibited  fine  specimens  of  refined 
sulphur.  The  establishment  was  erected  in  1868,  and  em- 
ploys 80  workmen,  who  attend  16  furnaces;  its  annual  pro- 
duction is  6,000,000  kilos. 

verzyi  &  Co.,  Vcrzyl  &  Co.,  Wilsclc.  Exhibited  specimens  of  their  salt- 
peter refined  to  nr^?  a-^^  soda  manufactured  by  the  am- 
monia process. 
UBiDos  cies  Usines  des  Moulins,  Ghent :  Soda  and  sulphate  of  soda, 
8.  en  .  ^jjj^pj^^  ^£  calcium,  chloride  of  lime,  sulphuric,  nitric,  and 
hydrochloric  acids,  sulphate  of  iron,  acetic  acid,  phenol, 
benzine,  nitix)-benzine,  and  salicylic  acid. 
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CANADA.  CANADA. 

Yarious  general  chemical  producta  were  exhibited  by  J.  chemioai 

Davidn,  Toronto;  Lyman  Bros.  &  Co.,  Toronto ;  H.  J.  Eose, 
Toronto;  Lyman^  Glare  &  Co.,  of  Montreal,  who  showed 
potashes ;  and  the  Chemical  Works  of  Brockville,  nitric,  sul- 
phuric, and  hydrochloric  acid. 

DENMARK.  dikmabk. 


Denmark  was  represented  by  her  two  principal  mana-  chemicAi 

factories :  ^**' 

Fredens-Molle,  Amac :  Established  in  1822 ;  employs  225    Fr©den»-M6Ue, 

.  /  *      v  Amao. 

workmen,  and  turns  out  $640,000  worth  of  products  annu- 
ally, consisting  of  sulphuric  acid  and  superphosphates. 

Hagemann  &  J5rgensen,  Copenhagen:  Established  in,..Hftf:eiiuumji& 
1856,  and  gives  employment  to  80  operatives.    Annual  pro-  penhagon. 
dnction  valued  at  $160,000.    This  manuflEUStory  was  the  first 
to  extract  soda  from  cr^'olit^  coming  from  the  vast  deposits 
in  Greenland.    At  present  it  uses  up  2,000,000  of  the  8,000,000   Cryoute  indna. 
kilos  8hipx)€d  from  Arkut.    The  cryolite  used,  containing 
84  to  88  per  cent,  of  fluoride  of  alumintlm  and  sodium — ^AlFa, 
3NaF— yields  on  heating  with  carbonate  of  lime  13  per  cent, 
of  alumina  and  60  per  cent,  of  soda.    This  yield  is  aug- 
mented, however,  to  13  per  cent,  of  alumina  and  70  per  cent, 
of  soda  by  adding  a  certain  amount  of  fluorspar  to  the  mix- 
ture.  There  are  but  three  other  establishments  engaged  in    Bauxite  toper, 
tne  cryolite-soda  industry,  bauxite  having  taken  its  place 
in  the  five  German  manufactories,  which  ten  years  ago  were 
occupied  with  this  material.    The  exhibits  included  soda 
crystals,  hydrate  of  alumina,  fluoride  of  calcium,  sulphate 
of  alumina,  and  pure  cryolite. 

FRANCE.  FKAHCB. 


In  France  nearly  every  branch  of  chemical  industry  is  in    chemical    in- 
successful  operation  and  at  a  well-advanced  stage  of  per-  de?eio^^.  ^  ^ 
fection;  a  result  due  to  her  varied  forms  of  natural  wealth, 
her  maritime  advantages,  and  to  the  fact  of  having  been 
tbe  cradle  of  modern  chemistry.    As  the  measure  of  the 
growth  of  technical  chemistry  in  this  country  during  the 
past  few  years  we  can  take  the  annual  production  of  sul-   product  of  std- 
Phuricacid,  which  has  risen  from  90,000,000  kilos  in  1867^^"*"*^*^- 
to  150,0r)0,000  kilos  in  1877. 

The  annual  production  of  soda  is  over  175,000,000  kilos,    soda,    oimiua 
representing  a  value  of  $6,000,000.    This,  however,  is  insuffi-  p"^"«"*»^ 
cient  for  the  wants  of  the  country^  and  11,000,000  kilos  are    imporu. 
uoported  from  England  annually.  The  number  of  soda  works 
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FRAxcg.       ia  ninety-six,  giving  employment  to  6,162  operatives  and 

Chemical    in- 1,000  hoFsepower.    The  amount  of  salt  used  in  the  soda 

and   other  works  is  120,000,000  kilos  annually,  and  th€ 

yearly  importation   of   sulphur  is  over  40,000,000    kilos. 

Several  branches  of  chemical  industiy  which  have  beei 

practically  created  and  perfected  in  France,  notably  th( 

preparation  of  potash  salts  from  the  mother-liquors  of  th< 

Xeip  indastry.  Salt  gardens  and  the  kelp  industry,  are  now  battling  against 

severe  odds ;  the  one  against  the  natui*al  deposits  of  potasl 

in  Central  Europe,  the  other  against  the  deposits  of  iodine 

bearing  salts  in  Peru.    Among  the  more  recently  introilnce< 

Borax    indos.  iudustrics  should  be  mentioned  that  of  borax,  dating  fron 

^'immoniaaodft.  1869,  the  ammouia-soda  manufacture,  and  the  preparatio! 

siiiph<M5arbo- of  the  vast  quantities  of  sulpho-carbonates  required  to  com 

nates ibrcombatr        .    , ,        ,  -    ,.  ,     „ 

ingphjioxera.    bat  the  devastating  phylloxera. 

French  slow  to     As  a  rule  the  French  manufacturers  are  slow  in  adoptinj 
Jrocessi™^"*^    tho  improvcmcuts  so  rapidly  introduced  by  their  neighbor 

to  the  north  and  the  ea«t.    As  yet  none  of  the  labor-savini 

^maces  of  the  English  soda  works  have  been  adoptee 

across  the  channel,  and  such  improved  processes  as  Weldon'f 

for  the  regeneration  of  oxide  of  manganese,  or  the  use  of  the 

Glover  tower,  hav6  but  recently  secured  a  general  recog 

The  French  nition.    The  scctiott  of  chemical  products  on  the  Frencl 

compiet?**  "an*!  sidc  was  amoug  the  most  complete  in  the  divi.sion,  and  in 

tasteful.  extent,  variety,  and  tasteful  display  was  unapproached  bj 

that  of  any  other  nation. 
Chemical     Boud6  &  Fils,  Marseilles :  Established  in  1850;  one  of  th( 
Bond6  &  Fils.  largest  of  the  French  sulphur  refineries.    They  have  tei 

Ifarseillea* 

furnaces  and  condensers,  with  a  daily  capacity  of  productior 
of  14,000  kilos  of  flowers  of  sulphur  and  8,000  kilos  of  rol 
sulphur.  Their  mills  turn  out  daily  10,000  kilos  of  grounc 
sulphur.  Annual  production,  6,500,000  kilos  of  refined  sul 
phur,  being  one- fourth  of  the  total  amount  used  in  France 
The  loss  of  sulphur  in  the  process  of  refining  has  decrea^ec 
from  16  per  cent,  in  1860  to  between  3  and  4  per  cent,  a 
present.  Thirty  to  40  kilos  of  coal  are  required  for  eacl 
100  kilos  of  refin  »d  sulphur. 

B.  cros,  Nar-  B.  Cros,  Narbonuc :  Factory  established  in  1856.  This  i 
one  of  the  chief  establishments  for  pulverizing  the  crud< 
sulphur  used  in  the  vineyards.  The  annual  production  o 
this  work  is  2,400,000  kilos  of  refined  and  6,200,000  kilos  o 
pulverized  sulphur. 

o.Rcnard,Mar-  O.  Ecuavd,  Marseilles.  Exhibited  handsome  specimens  o 
crude  and  refined  sulphur  and  compounds  of  it  with  othe 
substances. 

Deiss  &  FUs,     Deiss  &  Fils,  Paris :  Established  in  1848;  exhibited  bisul 


bonne. 
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phide  of  carbon  apparatus  for  the  extraction  of  oil  from  the      ^^vat. 
residues  of  the  olive  presses,  of  the  candle  factories,  etc.;  ohemieaiuwrkt. 
cyanide  of  potassiam,  chloride  of  sulphur,  sulpho-carbonates 
of  tlie  alkiilies.    The  method  of  E.  Deiss  for  the  manufact-  „?f^  ^  ^^^ 

Paris. 

ore  of  bisulphide  of  carbon  was  introduced  thirty  years  ago, 

and  has  brought  down  the  price  of  this  article  from  $12  to    BUuiphide   of 

,  I*,  1         .  A  carbon     redaced 

12  cents  the  kilo.    The  present  yearly  production  of  800,000  to  one-huudredth 
kilos  is  consumed  almost  entirely  in  the  vineyards  of  France, 
to  combat  the  army  of  phylloxera,  which  seriously  threatens 
the  very  existence  of  the  vine  in  that  country. 

J.  Blondel,  Marseilles :  This  establishment  was  founded  Marseoie*^"***^ 
by  BerthoUet.    Its  exhibits  consisted  of  sulphuric  and  nitric 
acids,  soda,  and  anhydrous  sulphate  of  soda,  in  the  manu- 
facture of  which  it  is  engaged  on  a  large  scale. 

Cazalis  &  Leenhardt,  Montpellier.  Manufacture  3,000,000 1^^^*^^^^- 
kilos  of  sulphuric  acid  annually  from  Sicilian  sulphur,  uer. 
Besides  this  product  they  exhibit  bauxite  containing  60  per 
cent  of  soluble  alumina ;  tartaric  acid  (annual  production 
^)00O  kilos);  crude  salt  from  the  mother-liquors  of  the 
salines,  extracted  by  Balard's  process,  and  used  for  the 
mann£vcture  of  alum;  pure  alum  free  from  iron  and  uncom- 
bined  acid  (annual  production  of  pure  alum  40,000  kilos  and 
of  common  alum  80,000  kilos). 

Oompagnie  des  Salines  du  Midi,  Montr>ellier :  Calcined ,.  Comp-  ^es  sa. 

linen    do    Midi, 

inagnesia  and  salts  obtained  from  the  mother-liquors  of  salt  MontpeUier. 
works. 
Compagnie  Geu6rale  des  Produits  Chimiques  du  Midi,    coiiip.Geu.  des 

\t  Chimiqncs       du 

Marseilles :  Soda  and  oxide  of  manganese.  Midi. 

Dachemin  &  Ghouillou,  Kouen.  Exhibited  various  prod-  Dnchomin  a 
nets  of  the  soda  manufacture  and  specimens  of  their  super  en"^  **"'  ^'"°' 
phosphates. 

Gautier  &  Mairesse,  Pierre-B^nite :    Soda  preparations,    oautier  &  Ma- 
caustic  potash,  sulphide  of  potassium,  bichromate  of  pot-  nite.  ' 
as^a,  regenerated  from  the  residues  coming  from  the  oxida- 
tion of  anthracene  to  authraquinone  in  the  artificial  aliza- 
rine manufactures ;  chloroform,  ether,  etc. 

8oci6t^  Anonyme  de  Croix,  near  Boubaix :  Salts  of  potash,    Soc.  Anon,  de 

Aon««  ,       ,        X  Croix,  Ronboix. 

caustic  potash,  etc. 
Soci6t6  Anonyme  des  ProduitsChimiques(fitablessemeut8^j^j  tSSii** 
lelra)  was  represented  by  an  excellent  exhibition  of  most  *»)• 
of  the  products  of  the  soda  industry,  caustic   soda,  the 
mineral  acids,  chlorates,  sulphate  of  soda,  chloride  of  man- 
ganese, and  salts  of  various  other  metals.    Eegeneration  of 
oxide  of  manganese  by  Weldon's  method  was  shown  by 
means  of  diagrams  and  drawings. 


nuum. 
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™^<^  8oci6t6  Anonyme  des  Produita  Ohimiqnes  du  Nord,  Lille: 

oMmieaiworkt.  This  famous  establishment  presented  a  flne  exhibit  of  all  the 
Prodnits     Chi-  products  Connected  with  the  soda  industry ;  oxide  of  man- 
Li3e^  ^    ^    pranese,  superphosphates,  lead  and  barium  salts.     O.  F. 
c.^  F.   Kuhi.  Kuhlmann,  the  director  and  chief  proprietor  of  the  exten- 
sive works  of  this  company,  stands  unquestionably  at  the 
head  of  French  chemical  manufacturers.    Since  his  first  dis 
covery,  in  1823,  of  two  distinct  coloring  matters  in  madder 
he  has  enriched  nearly  every  branch  of  applied  chemi8tr> 
by  his  numerous  contributions  of  new  facts.     It  is  onl^ 
necessary  to  allude  to  the  introduction  of  the  principle  oi 
saturation  into  the  manufacture  of  sugar,  the  application  o: 
crystallization  for  technical  purposes,  the  methods  for  sav- 
ing potash  salts  in  waste  products,  for  producing  nitrates 
and  artificial  manures,  and  finally  the  creation  of  the  baryta 
industry,  which  has  grown  to  enormous  proportions  and  is 
of  immense  value  to  France. 
Soc  Anon.     Soci6t6  Auouymc  de  Sambre  et  Meuse,  Hautmont:  This 

de     Sonibrt)     et  ' 

Meuse,     Hant- eompauy  was  organized  in  1857,  with  a  capital  of  $720,000. 

niont. 

Handsome  exhibit  of  all  the  soda  products  and  numerous 
superphosphates.    The  company  owns  large  mines  of  py- 
rites at  Philippeville,  Belgium,  which  are  worked  by  70 
statistics  ofmiucrs.    In  the  establishment  at  Hautmont  there  are  265 
ytoid.^**'^''*  ""*^ operatives;  engiuesof  360  horse-power;  6  vitriol  chambers, 

containing  in  all  16,000  cubic  meters ;  a  platinum  evai)ora- 

tor  capable  of  yielding  daily  9,000  kilos  of  sulphuric  acid 

The  apparatus,  at  66^  B.j  Th^lcu's  apparatus  for  evaporating  solutions  of 

crude  soda ;  8  furnaces  for  the  preparation  of  sulphate  of 

soda,  and  4  for  converting  the  sulphate  into  crude  soda. 

Weldon's  method  for  the  regeneration  of  oxide  of  manga- 

ConsnmpUonof  nese  is  uscd  in  these  works.    The  annual  consumption  of 

raw  material.      ^^^  material  hcrc  is : 

Xiloa. 

Pyrites 7,000,000 

Coal 15,000,000 

Salt 6,500,000 

Annual  pro-     The  auuual  product  is : 

duct.  Kilos. 

Sulpburio  acid,  of  which  2,000,000  kiloe  are  sold 9, 000, 000 

Ordinary  sulphate  of  soda 6,500,000 

Refined  sulphate  of  soda 1,200,000 

Hydrochloric  acid 10,000,000 

Caustic  soda 1,000,000 

Soda  crystals 2,500.000 

Saltsof  soda 1,800,000 

Chloride  of  Ihne 1.000,000 

Sulphur,  regenerated ' 250,000 

Superphosphates 1,500,000 

Precipitoted  phosphates 1,000,000 
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Soci6t^  Anonyme  des  Soudiferes  du  Griffon,  Marseilles :       "^^^^^a. 
This  company  exhibited  fine  specimens  of  soda  prepared  by  Oh0nueaiv»r%», 
the  ammonia  process  with  Boulevard's  apparatus.    The  an-  ^^  s^io^X 
nual  production  of  their  works  is  3,600,000  kilos  of  soda.  }^J^**°'  Maraeu 
The  ammonia  required  to  carry  out  the  process  is  obtained 
from  the  Marseilles  Gas  Works. 

L.  Thomas  &  Co.,  Paris:  Exhibit  consisted  of  "  Jarel    l-  ThpmM  sc 

'  Co.,  Paris. 

water^  (for  bleaching  purposes),  prepared  by  the  reciprocal 
action  of  sul{)hate  of  soda  and  chloride  of  lime  in  solutions, 
superphosphates,  salts  of  soda,  ammonia,  copper,  etc.,  and 
selenium.  A  very  interesting  object  in  this  exhibit  was  a 
thin  sheet  of  gallium  about  8  inches  S(]uare.  It  was  of  a  GaUinm. 
Ught  gray  color,  and  the  crystalline  appearance  of  the  sur- 
face was  not  unlike  that  of  antimony. 

Soci^t^  des  Manufactures  des  Glaces  et  des  Produits  Chi-  j^i^jjjj^"^' 
iniques  de  Saint-Gobain,  Chauny,  and  Cirey,  Exhibited  prod- 
ucts of  the  soda  industry,  chlorate  of  potash,  alum,  etc.    stoobain. 
This  establishment,  renowned  for  its  immense  and  perfect 
mirrors,  has,  by  union  with  a  firm  at  Lyon  possessing  the 
famous  pyrites  works  of  Chessy  and  St.-Bel,  and  numerous 
soda  and  sulphuric  acid  factories,  attained  proportions  far    soda  and  sni- 
surpassing  those  of  any  other  undertaking  in  the  chemical  l^i^? 
industries  of  France.    The  various  works  of  the  company 
admit  of  an  aggregate  daily  production  of  200,000  kilos  of 
sulphuric  acid.    The  pyrites  of  St. -Bel  are  almost  pure  sul- 
phide of  iron,  containing  less  than  one  per  cent,  of  impuri- 
ties.   The  attempt  has  been  made  to  use  the  i*esidues  for 
the  manufacture  of  iron  by  first  roasting  them  with  salt 
and  extracting  the  sulphur  and  copper  present  in  the  form 
of  sulphate  of  soda  and  chloride  of  copper,  but  is  appar- 
ently not  continued  at  present. 

Solvay  &  Co.,  Varang6ville-Dombasle :    Established  in  ^ivay  & 

1873,  and  employ  500  operatives.  The  French  branch  of  viii'oDcmibiillire! 
this  company  is  conducted  on  a  much  larger  scale  than 
the  Belgian  mother  establishment,  the  former  producing 
20,000,000  kilos  of  soda  annually,  the  latter  but  7,600,000. 
The  exhibit  was  small  and  by  no  means  attractive,  being 
confined  to  soda,  chloride  of  calcium,  etc.,  the  simplicity-  of 
the  process  giving  no  opportunity  for  the  manufacture  of 
the  numerous  by-products  hitherto  arising  from  soda  works. 

F.  Tissier,  Finistfere:  This  establishment  was  the  first    f.  Twder.  lin- 
(1829)  to  commence  the  manufacture  of  iodine  from  sea-  *  *** 
^eed,  and  is  at  present  the  most  important  of  those  engaged 
in  this  branch  of  manufacture.    Its  annual  production  of 
iodine  and  iodide  of  potassium  amounts  to  18,000  kilos, 
3,000  kilos  of  bromine  and  bromide  of  potassium.    There 
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"^^^-       was  in  addition  exhibits  of  other  iodides  and  bromides  and 
ohtmiMiwMrim.  nitrate,  sulphate,  and  chloride  of  potassium. 
^^Carrf^A  Co..     Carof  &  Co.,  Finistfere:  This  factory  was  established  in 

1858,  and  now  produces  annually  from  200,000  kilos  of 
kelp — 

Kilos. 

Chloride  of  Bodinm 58,500 

Chloride  of  potaBsium 55,250 

Sulphate  of  potassium 24,960 

Iodine 2,666 

This  house  imports  large  quantities  of  bromine  for  the 
preparation  of  bromide  of  potassium.  Exhibit  consisted  of 
raw  materials  of  the  iodine  manufacture  and  the  finished 
product. 
ASSrach^**^  Glaizot  Frercs,  Abervrach.  Employ  12  workmen,  and 
produce  annually  1,200,000  kilos  of  kelp.  They  exhibited 
crude  and  pure  iodine,  salts  of  iodine  and  bromine  of  very 
fine  quality,  and  sulphate  of  potassa. 
De  L6cin«e-     Dc  I'ficluse-Tr^voMal  Fr^res,  Audifeme :  This  establish- 

Tr6voedal     Frft-  ^  _  ,     ,  .      ^«««>  ,  .  ,  ^  .      m^ 

rcg,  Audi^rno.  mcut  was  fouudetl  m  1872,  and  now  gives  employment  to  50 
operatives,  who  annually  turii  into  commerce  the  following 
amounts  of  products : 

Kilos. 

AnxiiialpTodao- Chloride  of  potassium 300,000 

^*^'  Sulphate  of  potash 150,000 

Chloride  of  sodium 600,000 

Iodine  (most  of  which  is  converted  into  iodide  of  potassium) . .  10, 000 
Bromine 1,500 

Consnmption     The  annual  consumption  of  raw  material  is : 

•of  raw  material.  S^flos. 

Kelp  (for  the  production  and  transportation  of  which  2,500 

X>ersons  are  engaged) 2,000,000 

Hydrochloric  acid 25,000 

Sulphuric  acid 25,000 

Potash..... 8,000 

Chlorate  of  potash 2,000 

Nitric  acid 500 

Coal 1,500,000 

These  figures  give  a  pretty  fair  representation  of  the 
character  and  extent  of  the  operations  in  French  varech 
works.    This  firm  displayed  a  collection  of  very  fine  speci- 
mens of  their  products. 
Peiiieux     Pellieux  &  Maz^-Lauuay,  Kerhuon.   Commenced  their  in- 
AM^Launay,  dustry  in  1867,  and  the  establishment  now  obtains  880  kilos 

of  iodine  from  84,000  kilos  of  kelp  monthly.  They  made 
very  interesting  exhibits  of  the  divers  varieties  of  varech, 
classified  according  to  the  percentages  of  iodine  contained 
in  them,  as  well  as  iodine,  bromine,  iodides,  and  potash  tier- 
tilizers. 
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Paisant  &  Co.,  Pont-1'AbM:  In  this  factory,  which  was      raAHCK. 
established  in  1840, 1,200,000  to  2,000,000  kilos  of  kelp  are  chemical  w<»ru 
changed  annually  into  iodides,  bromides,  chlorides,  and  sul-  p^ti^bi^.^**'* 
pbate  of  potassium  and  chloride  of  sodium.    Sulphide  of 
potassium  is  also  produced  in  considerable  quantity  here 
for  the  preparation  of  sulpho-carbonate  of  potash,  which  is 
sold  for  use  in  the  vineyards. 

A.  Eoques,  Paris:  Established  in  1846,  and  now  gives  a.  Roqnes,  Paris, 
employment  to  30  operatives  in  the  refining  of  camphor, 
resnblimation  of  iodine,  and  the  conversion  of  iodine  and 
bromine  into  their  potassium  salts.    His  annual  production 
is  5,500  kilos  resublimed  iodine,  30,000  kilos  iodide  of  po-  Cftmphor, 

tassium,  14,000  kilos  bromide  of  potassium,  and  235,000  Jj^*'  "^^  **"• 
kilos  refined  camphor.  The  subliming  flasks  for  the  latter 
substance  are  made  on  the  premises,  and  are  consumed  in 
immense  numbers,  since  each  receptacle  can  only  be  used 
for  one  operation,  and  must  be  broken  to  release  the  flat 
cake  of  camphor.  The  exhibit  of  the  products  of  this  house 
was  exceedingly  handsome. 

A.  Lefebvre,  Corbeh^m.    Exhibited  potash  and  salts  of     a.  Lefebrre, 
potassium,  rubidium,  extracted  from  the  residues  of  the 
beet-root  sugar  manufacture,  after  having  first  served  for 
the  production  of  alcohol. 

Savary  &  Co.,  Nesle.   Displayed  raw  materials  and  fin-    savnry  &,  Co., 
isbed  products  connected  with  the  distillation  of  beet-root 
molasses,  potash,  and  salts  recovered  from  the  residues. 

E.  Porion,  Wardrecques :  Salts  obtained  from  the  residues  ^   ,  e.  Porion, 

^  ^  Wardrecquc. 

Of  the  alcohol  manufacture;  carbonate  of  potash  contain- 
ing 95  per  cent,  of  pure  carbonate. 

A.  Nugues,  Saint  Saul ve-les- Valenciennes :  Potash  from        E-Nugues, 
the  bee^root  residues ;  carbonate  of  potash,  92  per  cent,  vaiencienne*. 
aoDual  production ;  carbonate  of  potash,  80,000  kilos ;  car- 
bonate of  soda,  650,000  kilos,  together  with  a  considerable 
amount  of  chloride  of  i>otassium. 

D^le  &  Co.,  Kocourt   Exhibited  alcohol  and  by-products. ^^^^  ^  ^**» 
In  this  establishment  the  residues  calcined  yield  daily  11,000 
kilos  of  crude  salts  containing  92  per  cent,  carbonate  of  pot- 
^h  and  1 J  per  cent,  of  carbonate  of  soda. 

Bogelet,  Houzeau,  &  Co.,  Reims.   Had  iwtash  and  saline   Rogeiet,  hou. 

^  '  '  *  zeau       Sl      Co., 

Blatters  extracted  from  suint  of  wool.  Reims. 

C.  Desmazures  &  Co.,  Maisons-Laffitte :  Fabrique  estab-    c.  Desnuunres 
li«hed  in  1869  with  207  horse-power,  and  mauufa<5ture  an-  Lffltui.^*"**^*' 
nually  1,000,000  kilos  of  borax  from  Turkish  borate  of  lime, 
lliey  contributed  a  very  handsome  collection  of  specimens 
of  borax,  boracic  acid,  and  borate  of  manganese,  etc. 
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p^^^c^-  Pechiney  &  Co.,    Salindres:    This    establishment  was 

Chemical  works,  founded  in  1855  by  H.  Merle,  one  of  the  most  distinguished 
sSiSdwsi^^^*' '  industrial  chemists  of  France,  who  died  in  July,  1877.    Af- 

ter  the  discovery  of  marvelous  deposits  at  Stassfurtb,  the 

very  large  interests  in  France  involved  in  the  production  of 

potash  salts  from  sea- water  by  Balard's  process  were  threat- 

Merle's  im-  eucd  with  cutirc  ruiu.    Merle  succeeded,  however,  after  sev- 

provoments      in  '  ' 

t^^roductionoferal  years  assiduous  labor  and  study,  in  bringing  to  hear 

improvements  in  every  stage  of  the  process,  and  by  that 
means  economizing  the  operations  to  such  a  degree  as  to 
place  the  industry  on  a  footing  enabling  it  to  compete  with 
the  natural  deposits.  Valuable  improvements  in  the  coke 
towers  for  the  absorption  of  hydrochloric  acid  are  likewise 
due  to  him. 

Pyrites  mines.  The  Company  possesses  pyrites  mines  in  Qord  and  Ar- 
d^he,  worked  by  220  miners  and  150  horse-power,  raising 
annually  40,000,000  kilos  of  pyrites.    At  Giraud  it  has  ex- 

Saltworks,  tcusive  Salt  works,  capable  of  an  annual  x)roduction  of 
100,000,000  kilos,  and  an  establishment  for  treating  the 
mother-liquors,  which  fields  annually : 

Kilos. 

Sulphate  of  soda  (hydrated) 4,000,000 

Sulphate  of  magnesia 2,C00,00U 

Chloride  of  potassium 1,200,000 

The  two  are  worked  by  a  force  of  160  operatives  and  150 
horsepower. 
Works  at  saiin-  Thc  works  at  Saliudrcs  employ  950  operatives  and  possess 
300  horse-power.  Use  is  made  of  the  SchaflEher-Mond  method 
for  the  regeneration  of  sulphur  and  of  Weldon's  process  for 
the  reviving  of  the  manganese  used  in  the  production  oi 
chlorine. 
Consumption     The  auuual  consumption  of  raw  materials  is : 

of  raw  material.  Kilos. 

Coal 50,000,001 

Pyrites 15,000,00< 

Salt 15,000,00 

Limestone 25,000,00 

Fossil  phosphates 1,700,00 

Chloride  of  potassium 500,00 

Bauxite 500,00 

Annual prodnc     The  auuual  productiou  is: 

tlon.  Kilos. 

Soda 12,000,00 

Chloride  of  lime 2,800,00 

Chlorate  of  potassa 400,00 

Phosphate  of  lime  (precipitated) * 800,00 

Sulphur  (regenerated) 600,00 

Sulphate  of  alumina 500,00i 

Aluminium 1,60( 

Sodium 6,001 
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•   The  exhibition  of  aluminium  was  especially  noteworthy.       r^^cx. 

Aluminium  is  now  made  chiefly  in  France,  and  only  by  chemieaiwcrkt. 
this  establishment,  it  and  the  ^^  Society  Anonyme  de  Alumin- 
ium'' are  the  most  extendi ve  producers  of  ornamental  and 
other  objects  from  this  metal  and  its  alloys.    M.  Pechiney  s2Ste»?^^**' 
&  Co.  exhibited  aluminium  in  blocks,  wire,  sheets,  and  foil.   Ainminium. 
The  Soci6t6  Anonyme  exposed  a  great  variety  of  objects,  ^^jj^'^'^  ^® 
from  a  thimble  and  peu-holder  to  complete  dinner  sets,  of 
alumioium  bronze  and  of  the  pure  metal.    The  bronze  ap-  bnaut^"""**"™ 
pears  to  find  more  favor  with  the  public  than  the  pure  metal, 
on  account,  perhaps,  of  its  lower  price  and  beautiful  golden 
color.    The  prices  of  some  of  the  articles  are  as  follows : 
Alamiuium  bronze  tablespoons  cost  fh)m  $2  to  $2.50  each; 
teaspoons  from  $3  to  $5  per  dozen }  pure  aluminium  thim- 
bles 25  cents  each.    A  number  of  small  articles  made  from 
woven  aluminium  wire  were  much  admired. 

Clermont  Fils,  Lemaire  &  Fischer.  Exhibited  telescopes,    ciermont  fiib, 
opera  glasses,  and  other  optical  instruments  mounted  wholly  er. 
or  in  part  in  ^uminium .   They  presented  a  novel  and  elegant    ^^**^^*vj{^* 
appearance  and  were  very  light.    Chemical  balances  made  cesinaiuminiain. 
entirely  or  in  part  of  this  metal  were  exhibited  by  A.  Collet, 
which,  when  loaded  with  100  grams  on  each  pan,  were  sen- 
sitive to  the  0.1  millegram  or  one  millionth  of  the  load  on 
each  pan ;  the  price  was  2,000  irancs.   Johnson,  Matthey,  ^1,^**.^^  ^■** 
&  Co.,  of  London,  exhil)ited  coins  or  tokens  made  of  an 
alloy  of  98  parts  of  aluminium  and  2  parts  of  nickel,  which  nifi^^"™*®** 
are  very  light,  hard,  bright,  and  not  liable  to  tarnish  like 
silver.    This  alloy  takes  and  preserves  a  high  i>olish  and 
very  sharp  impressions  when  stamped,  and  appears  well 
adapted  for  coinage.    An  alloy  of  this  metal  with  silver  is 
^aid  to  be  used  to  considerable  extent  m  the  manufacture 
of  some  varieties  ot  jewelry. 

8oci6t6  Anonyme  des  Produits  Chimiques  pour  les  Sciences  p^i^°  chim' 
etPIndustrie,  Paris :  This  exhibit  was  quite  interesting,  con-  qnespoariosSci- 
Slating  of  a  large  collection  of  various  products,  such  as 
tballiam  s<tlts,  uranium  salts,  urea,  gallic  acid.  Among  the 
^ery  rare  compounds  were  noticed  specimens  of  triphenyl- 
methan  and  benzophenon,  prepartjd  by  the  new  synthetic 
method  of  Crafts  and  Friedel,  by  means  of  chloride  of  alu- 
loinanL 

Poulenc  &  Wittmann,  Paris.   Exhibited  a  fine  collection  witti^^.^*'  * 
of  general  chemicals,  ^admium  salts,  bismuth,  permanga- 
nate of  potassa  in  very  large  crystals,  and  photographic 

chemicals. 
Tessi^  da  Motay,  Paris :  Chemicals  for  bleaching  purposes,    xessi^  du  mo^ 

tay,  Paris. 

and  binoxide  of  barium. 
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y^T^cE.  Mulaton  &  Co.,  Lyon :  Tartaric  and  citric  acids,  ¥ 

Ohemieal  works.  saltS. 

Mulaton  &  Co.,     P.  Morcan,  Lille:  Mineral  acids,  various  snlphal 

Lyon. 

p.Moroau,LiUo.  roform,  ether,  and  a  fine  specimen.of  tannin. 

Fauro  dc  KeM-     Faure  &  Kesslcr,  Clermont-Ferrand :  Superphc 
Fcmmd.  slllco-fluorides  of  the  alkalies,  hydroflaoric  acid, 

derivatives  of  fluor  spar,  preparations  for  etching 
chlorate  of  potassa,  apparatus  for  the  concentratio 
phuric  acid  to  66o  B.    Since  1873  this  firm  has  ( 
sixty-two  of  their  form  of  evaporators,  ranging  in 
from  1,000  to  6,000  kilos  of  acid  per  day. 

H.  Dttbou-cap.     H.  Dubois-Caplain,  Paris :  Nitrate  of  silver,  chl 
gold,  platinum,  and  palladium,  metallic  platinum 
ladium. 

D«  Dtenh^.     Dc  Dieuheim-Brochocki,  Boulogne.    Exhibited 
logne.  of  alumina,  disinfectants,  "chlorozone"  for  bleachi 

BiUaait  &  Btt-  Biilault  &  BiUaudot,  Paris:  This  establishm 
founded  in  1815,  and  now  gives  employment  to  ( 
tives.  It  exhibited  a  remarkably  fine  and  comple 
tion  of  nearly  all  chemicals  required  in  the  arts  and 

Superbexbibit.  It  was  a  sui)erb  display  and  surpassed  by  far  ani 
exhibition  of  chemicals  in  the  Exposition.  Especis 
worthy  were  the  rich  and  brilliant  crystals  of 
erythrit,  and  a  number  of  double  cyanides  of 
with  other  metals ;  osmic  acid,  indigotine,  citrate 
subnitrate  of  bismuth,  tannin,  gallic  acid  (serving 
manufacture  of  pyrogallic  acid,  now  extensively  use 
fabrication  of  some  new  and  very  beautiful  color 
ters),  chloiiite  of  barium,  phosphide  of  calcium,  et 

Froid^entf'*'^*'     ^<^^®^  Fr^rcs,  Froidvcut :  Acetic  acid  and  var 
tates. 
camua  FrAros,     Camus  Frfercs,  Ncpcl,  &  Co.,  Paris :  Fine  exhibit 
Paris.  '  acid  and  metallic  acetates.    (This  firm  has  on  th 

Catalogue,  among  the  articles  exhibited,  mithyldne 
Collective  ex-     Collcctivc  exhibit  of  the  Manufacturers  of  A 

bibit;  alum  and 

Boiphateof  iron.  Sulphate  of  Ii*on :  The  five  firms  represented  prodi 

ally  6,000,000  kilos  of  alum  of  various  degrees  o 
and  6,000,000  kilos  of  ferrous  sulphate,  from  the 
ferrous  lignite  of  the  region. 
A.  Hotter  &     A.  Huttcr  &  Co.,  MoutpelUer :  Sulphate  of  alui 
ontpeuier.       pg^^g^  f^^Q^j  bauxitc  by  Butter's  method  (precipl 

the  oxide  of  iron  by  means  of  zinc),  of  which  thefl 

out  annually  3,000,000  kilos. 
nS&^  nT^     ^^^  ^^®>  Pommier,  &  Co.,  Noyon:  Sulphate  of 
^^-  '       alum. 
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Pommier  &  Co.,  Gennevilliers :   Alum  aiid  salphate  of      fbakcb. 

aluminar.  Ohemieal  workt. 

Mines  of  Bouxeviller,  Laneuvevilie :  This  establishment  pommier&co., 
was  founded  in  1820  and  is  one  of  the  most  extensive  in  ^^^^^^e- 
France.     It  exhibited  a.  magnificent  collection  of  crystals  of  ^^c""- 
pnissiate  of  potash. 

Le  Moulin,  St.  Denis :  Cyanide  and  prussiate  of  potas-  d^^^^"°'  ®*' 
sium,  salts  of  tin  and  caustic  alkalies. 

A.  de  Plazenet,  Paria  Exhibited  a  fine  collection  of  pure  ^AjdePiaeenet, 

'  '^  Paris. 

chemicals  tor  the  laboratory,  and  of  all  chemicals  used  in 

electro- metallurgy.    The  annual  production  of  this  estab-  ^^ Annual produo- 

lishment  is  as  follows: 

Kiloa. 

Nitxicacid (500,000 

Cyanide  of  potassinm  (of  which  10,000  kilos  are  pure) GO,  000 

Hydrocyanic  acid 3, 000 

Sulphate  of  zinc 90,000 

Caustic  alkalies 15, 000 

Pyrophosphate  of  soda 12, 000 

Sulphate  of  nickel 15,000 

Hydrofluoric  acid 8, 000 

Various  cyanides,  ferro-cyanides,  bisulphite  of  soda,  and 
salts  of  gold,  silver,  and  platinum,  to  the  value  of  $140,000 
annually. 

Daubin,  Paris.  Exhibited  benzoic  aeid  manufactured  Daubin,  Paris, 
from  the  urine  of  the  cattle  in  the  Paris  abattoir.  Six 
thousand  head  of  cattle  are  received  weekly,  and  the  amount 
of  urine  collected  in  the  same  length  of  time  is  15  cubic 
meters,  which,  at  the  rate  of  6  kilos  per  cubic  meter,  yields 
90  kilos  of  benzoin  weekly,  at  a  cost  of  8  frs.  per  kilo.  The 
annual  yield  is  4,700  kilos,  amounting  to  37,600  frs.  or  $7,520. 

Platinum  apparatus.  ratoS!*"™*^^ 

Demon tis,  Quenessen,  &  Le  Brun,  Paris.   Exhibited  plat-    DeuM;nt  ^Que- 
inum  stills,  round  and  ellipsoidal;  also  a  large  variety  ofg'jij^'"^  ,fij^   ^ 
objects  in  platinum  for  technical  use,  osmium  in  wire  and 
sheets,  palladium,  ruthenium,  osmium-iridium. 

Godart  &  Gontenau,  Paris :  Crucibles  and  other  objects  teS^^ParL^^"' 
in  platinum. 

H.  Chapuis,  Paris.    Exhibited  Faure  &  Kessier's  appa-      fl.  cbapuis, 
ratus  for  concentrating  4,000  kilos  of  sulphuric  acid  daily, 
palladium  sponge,  iridium ;  stills  for  preparing  hydrofluoric 
acid. 

GBEAT  BRITAIN.  ORgAT  BniTAiK. 

The  chemical  industries  of  England  stand  undeniably  far  Great  Britaiu 
in  advance  of  those  of  any  other  country,  not  only  in  ^e?^^<wIntriM 
respect  to  extent  but  also  with  regard  to  the  rapid  march  of^^^!^^'^  ^' 
improvement.    This  position  is  due  to  a  variety  of  causes. 
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QBRAT  BRITAIN.  YiTst  Skiid  piincipally  must  be  mentioned  the  immense  sup- 
ply of  good  coal  in  advantageous  proximity  to  the  barbers 

iieS**^vanSSe  ^^  *^®  natural  raw  materials  required  in  various  industries. 

!mda6a tSpor- '^^^^^  como  the  uumorous  extensive  havens  and  the  excep- 

tetion.  tional  maritime  position  of  England,  allowing  cheap  tiiius* 

X>ort  to  all  parts  of  the  world  of  the  heavier  chemical  man- 
ufactures. Other  valuable  adjuncts  are  to  be  found  in  the 
Her  colonial  widespread   colonial   system,  the    long-continued  freedom 

system  and  politi- ^  i    ..  j     -i  -j  . 

cai  stability.       from  War  or  revolution,  and  the  rapid  contemporaneous 

development  of  other  manufactures  depending  on  chemical 

products. 

T,-...^,^**,^***^  *^f     A  few  statistics  will  afford  a  glimpse  of  the  present  con- 
British  chemical  ox  x- 

industries.         ditiou  of  (Ireat  Britain's  chemical  industries.    Among  the 

imports  of  raw  material  for  the  year  1878,  are : 

Kilos.  Value. 

Sulphur 44,500,000  $1,235,000 

Copper  and  iron  pyrites 609,000,000  7,060,000 

Saltpeter 13,400,000  1,427,000 

Nitrate  of  soda 96,400,000  7,250,000 

8iu°Su?1ind'****'^     ^^^  amount  of  sulphur  imported  diminishes  slowly,  while 
rites.  the  quantity  of  pyrites  imported  has  been  tripled  within  ten 

years.    It  is  estimated  that  over  800,000,000  kilos  are  man- 
^Production  of  ^fJ^^|.ured  annually.    In  1875  the  production  of  salt  was 

2,316,644,000  kilos.  The  soda  manufacture,  based  on  these 
two  articles,  possesses  proportions  equally  vast.  In  the 
following  table  a  view  is  afforded  of  its  condition  in  1876 
and  of  its  growth  during  the  preceding  fourteen  years : 


Stfttistios  of  so- 
da msnnfacture.  Value  of  the  aimual  production 


Weight  of  the  prodnota  (dry) kilos.. 


Raw  material  used kilos. 

Salt do  . 

Coal do  - 

Limestone do . . 

Lime     do  . 

Pyrites do . . 

Nitrate  of  soda do  . 

Peroxide  of  manganese do.. 


Capital 


Annual  cost  of  repairs 

Annual  cost  of  repairs  and  packing 

Operatives number. 

Wages  of  same 

Weight  of  products  exported kilos. 

Value  of  same 


254,000,000 
961.  000, 000 
280,  500,  000 

264,000,000 

8,  300, 000 

33,000,000 


1,801.400.000 


$10, 000, 000 


$077,  510 


10,000 
$2, 747,  000 


104,  702,  000 
$4, 425, 000 


1876. 


$32,500,000 


845, 000, 000 


538,600,000 

1,  890,  000,  000 

588,000,000 

139, 000, 000 

876,  000,  000 

12, 200, 000 

18,  200, 000 


3,  562, 000, 000 


$35, 000, 000 


$3,500,000 


22,000 
$7. 025, 000 


270,  856. 000 
$11.  045. 000 


imi^^^'*^^     '^^  amount  of  soda  exi)orted  in  1878,  based  on  the  sta- 
tistics for  the  first  8  months,  was  about  275,000,000  kilos, 
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poeaesdng  a  value  of  $9,672,000.     The  destinatioiis  were  qbbat  PBiTAnc. 
tiie  following : 

KUoa. 

BoasiA 22,500,000    Soda  exported 

to         re«i 
countries. 


Gennany 40,300,000***        reiq)ectlve 


Holland 18,200,000 

Belgium 12,200,000 

France 11,25.0000 

United  States 115,400,000 

Other  countries .   54,150,000 

The  extent  of  the  alkali  industry  of  Great  Britain  is  such  ai^^J^SJjt"^  of 
at  present  that  it  allows  the  introduction  of  labor-saving  Britain, 
machines  on  a  large  scale,  far  beyond  the  means  of  most 
Continental  manufacturers,  and  it  is  probable  that  her  su- 
premacy in  this  branch  will  be  maintained  far  in  the  future. 
M  an  instance  of  the  gigantic  scale  on  which  this  manu- 
&ctnre  is  conducted  in  England,  it  may  be  mentioned  that 
the  three  establishments  of  Allhusen,  Jarrow,  and  Teuuaut 
produce  more  than  all  the  twenty  works  of  Ge^^many. 

Bleaching  powder,  which  forms  such  an  important  adjunct  j^^*®^***"*!*®^' 
to  the  alkali  manufacture,  is  produced  to  the  extent  of  over 
100,000,000  kilos  annually,  and  it  is  almost  exclusively'  to 
English  inventors  that  the  improvements  in  this  branch  are 
due.    The  annual  production  of  iodine  in  Great  Britain  is    iodine. 
over  50,000  kilos. 

The  exhibition  of  the  productions  of  the  soda  manufact- 
ure, as  well  as  of  other  leading  chemical  industries,  although 
presenting  many  points  of  interest,  was  far  from  ofiering  a 
feir  view  of  their  vast  extent.    Many  great  establishments  chemical  vH>rk9. 
^ere  not  repre^sented  at  all  at  the  Exposition. 

Forster  &  Gregory,  Streatham  Common.    Exhibited  sul-  rontcr&Grog- 

®      " '  ory,    Streatham, 

piiide  of  carbon,  sulpho-carbonate  of  potash,  tetrachloride  of  <^ommon. 
c^bon,  chloride  of  sulphur,  xanthate  of  potash,  chemicals 
for  coloring  and  vulcanizing  india-rubber. 

Boyd,  Son,  &  Co.,  Dublin :  Sulphate  of  soda  prepared  ^y  c^5\ito'*'  ^ 
Hargreaves's  method,  richness  99.47  per  cent. ;  chloride  of 
linae,  available  chlorine =38. 7  per  cent. 

De  Soto  Alkali  Company,  Widnes :  Black  ash,  soda  crys-  ^^^*p  ^J*»i* 

♦  i«  .-i^^^-.^  Co.,  Widnes. 

^18,  fine  caustic  soda  of  60  and  70  per  cent. 

Golding,  Davis,  &  Co.,  Widnes:  Caustic  soda  (62  and  67   Goidine, Davia 
Per  cent),  chloride  of  lime  (40  per  cent.  CI),   sulphate  of^^^'^*^^** 
^oda  manufactured  by  Hargreaves  &  Eobinson's  process, 
^ntaining  but  0.02  of  chloride  of  sodium.    Weekly  turnout 
ot  various  products,  500,000  kilos. 

Boucorn  Soap  and  Alkali  Company,   Widnes:   ^S'^us ^^^JJ J^p 
Prodacts  of  the  soda  manufacture,  sulphate  of  soda  by  Har- 
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GREAT  BRITAIN,  grcaves's  process  (98  per  cent),  caustic  soda  (60  and  70  per 

Ohgmie<U  works.  C6Dt.). 


Co..  Now^ctSS*     Tyne  Alkali  Company,  Newcastle :  Soda  ash  (62  per  cent.) 

chlorate  of  i>otasb,  satin  white  firom  barium  carbonate. 

gje^jjt&co.,  Tennant  &  Co.,  St.  Eollox,  J.  Mactear,  director:  A  re- 
markably fine  exhibit  of  products  representing  every  stage 
in  the  manufacture  of  soda  and  the  utilization  of  the  waste 
products.  Eegeneration  of  oxide  of  manganese  by  Dunlopjp 
method.  Mactear  fuma(}e  for  preparing  the  carbonate,  7 
meters  in  diameter,  requiring  30  per  cent,  of  coal,  producing 
150,000  kilos  weekly,  and  effecting  an  economy  of  GO  pei 
cent,  on  the  previous  furnaces.  By  the  Mactear  method 
for  recovering  the  sulphur  in  the  waste  products,  viz,  the 
decomposition  of  the  sulphides  of  calcium  by  hydrochloric 
acid,  in  the  presence  of  sulphurous  acid,  which  has  been  in 
operation  for  six  years,  6,500,000  kilos  of  sulphur  have  beer 
extracted  and  saved. 

c£mi(Md^^c?     North  British  Chemical  Company,  Glasgow:   Employi 

GiMgow.         '  200  operatives.    Salts  obtained  from  the  charcoal  of  sea-  vseec 

which  has  been  exposed  to  destructive  distillation ;  ammonif 
and  acetic  acid  obtained  from  the  products  of  the  distilla 
AnnuaipTodac.  tiou.    Annual  production : 

tion.  KJlof 

Iodine .• 25,00 

Bromino '2,£0 

lodido  of  potassium 25,00 

Bromide  of  potassium 25, 00 

Caustic  soda 2,000,00 

Chloride  of  potassium 1,000,00 

Chlorate  of  potash 100,  CC 

Ah  a  by-product  large  quantities  of  the  disinfectant  calle 

chiorioiaciaiD.  <<  chloricalcium "  are  obtained  from  the  residues  of  chlorat 

of  potash  manufacture.    Seaw.eed  charcoal  is  another  bj 

product  of  this  industry,  which  has  been  largely  applied  t 

sewage  liquors.    Specimens  of  acetate  of  lime  and  sulphal 

of  ammonia  as  resulting  fi*om  the  subsequent  distillation  t 

this  substance  were  on  exhibition. 

j^^«^^^jj     Hargreaves  &  Bobinson,  Widnea   Exhibited  their  app^ 

nee.  ratus  for  the  manufacture  of  sulphate  of  soda  by  the  dire^ 

action  of  sulphurous  acid  on  common  salt  prepared  for  tl 
purpose, 
w.  weidon,     W.  Wcldou,  Bairstow.    Exhibited  a  cpmplete  model  of  tl 
^*^***^*  works  necessary  for  carrying  out  his  process  for  the  rege^ 

eration  of  manganese  used  in  the  chlorine  manufiacture;  ali 
a  series  of  specimen  products. 
JohMon.  Mat.     Johnson,  Matthey,  &  Co.,  London :  This  celebrated  flm 

they,  St  Co.,  Lon-  '  •"  ■, .      i  «     ,      . 

don.  iiad  a  very  fine  and  extensive  display  of  platinum  apparatni 
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for  use  in  large  chemical  induBtries ;  sulphuric  acid  concen-  op«at  BnrrAiy. 
trator;  platinum  metals,  includiug  a  large  ingot  of  palla-  ohemicai  works. 
dium  weighing  68^  kilos  aud  valued  at  $50,000,  and  2  kilos  of  ^j^"J^|»^  ^ 
mthenium  valued  at  $8,000;   crystallized  osmium;  palla- <^o«»- 
dium  disk  containing  1,000  times  its  volume  of  occluded 
hydrogen ;  spongy  iridium,  etc. 
Chambers  &  Co.,  London :   Established  in  1837 ;   exten-  ^   chambers  sc 

Co.,  London. 

give  exhibit  of  general  chemicals. 

Hurlet  and  Campsie  Alum  Company,  Glasgow:  Exhib-  Huriet&camp- 
ited  fine  specimens  of  red  and  yellow  prussiate  of  potash,     oiasgoir™ 

T.  Jennings,  Cork.   Exhibited  his  well-known  carbonate  ^   t.  jennin^a, 

^  '  Cork. 

of  magnesia  and  calcined  magnesia. 

Langthome  Chemical  Works,  Stratford.     Displayed  ^chem^i^rk^ 
large  and  fine  collection  of  pure  chemicals  and  rare  com-  stxatford. 
pounds. 

J.  T.  Beadman,  Glasgow.    Sent  a  fine  exhibit  of  phos-   J.T.Readman, 
phate,  sulphite,  and  stannate  of  soda,  citric  acid  and  phos-        ^^' 
phorus,  with  specimens  showing  the  various  stages  in  the 
different  processes. 

P.  Spence,  Manchester:  Handsome  display  of  alum  cry8-^J-^»<^»Mm- 
tals,  forming  a  column  12  to  14  feet  in  height.  The  weekly 
production  of  this  salts  is  200,000  kilos,  and  its  purity  is  so 
great  that  it  is  said  to  contain  but  0.0002  -per  cent,  of  oxide 
of  iron.  Alumino-ferric  cake,  prepared  from  bauxite  and 
used  for  sizing  brown  paper  and  for  purifying  muddy  water, 
sewage,  and  the  waste  of  factories. 

Washington  Chemical  Works,  Newcastle :  Pure  carbon-  ^^  T^^^^^ton 

Chemical  Work*, 

ate  of  magnesia  in  enormous  blocks.  Newcastle. 

OBEEOE.  OBBBCE. 


This  country  is  almost  devoid  of  interest  in  a  chemical 
point  of  view,  having  but  two  exhibits  in  this  branch. 

V.  M^las,  of  Milos.   Exhibited  8ul])hur  from  the  mines  of  j^*  ^^^^  ^' 
Milos,  which  furnish  an  ore  which  yields  from  15  to  40  per 
cent,  of  sulphur.    The  ore  is  treated  by  the  method  of  Cal- 
caroni  or  by  the  system  of  Doppioni. 

A.  Cordelia,  Z6phyria :  Specimens  of  alum  obtained  fix)m       a.  CordeUa. 
the  ancient  alum  mines  of  Milos.  ^ 

All  the  salt  necessary  for  consumption  in  the  country  is 
extracted  fit)m  sea-water.      Specimens  of  this  necessary    sea-«at 
chemical  were  exhibited  from  Anaryssos  (Attica),  Domtrfene 
(Thebes),  Thermissia  (Spetzia),  Lamia  (Phthiotide),   Mis- 
solonghi,  Naxos,  Leucade,  Zante,  and  Corfu. 
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HOLLAMD.  HOLLAND. 

The  chemical  industries  of  Holland  are  mainly  subordi- 
nate to  the  stearine  works,  the  sulphuric  acid  produced 
barely  sufficing  for  the  saponification  of  the  fats  consumed 
in  the  works. 

ccaSSSSL^  Hartogh  &  Co.,  Amsterdam:  Established  1872.  Bisul- 
phide of  carbon  prepared  by  a  new  process  at  a  cost  of  but 
7  cents  per  kilo.  It  is  chiefly  used  in  the  establishment  for 
the  extraction  of  oils  from  the  residues. 

ASS?da^.  ^"     Ketjen  &  Co.,  Amsterdam :  Established  1835 ;  employ  29 

workmen  and  15  horse-power;  produce  sulphuric  acid,  nitric 
acid,  hydrochloric  acid,  sulphates  of  soda  and  iron,  the 
annual  production  of  sulphuric  acid  being  2,500,000  kilos. 
The  vitriol  chambers  have  a  capacity  of  6,000  cubic  meters. 

zwoS°^  ^  ^^''  "^^^  ^  ^^*'  ^^^^^®  •  Produce  superphosphates  and  sul- 
phate of  ammonia,  specimens  of  which  were  on  exhibition. 

^^^^'  ITALY. 


pre^Sto^  de^d^     ^^^  abscucc  of  coal  dcposits  and  the  general  scarcity  of 
SunduStries.™**  combustiblc  matter  of  every  description  have  hindered  the 

chemical  industries  of  Italy  from  making  the  rapid  develop- 
ment which  would  otherwise  have  been  expected  from  the 
miueral  treasures  of  the  kingdom.    Although  the  number 
of  exhibitors  was  large,  the  number  of  firms  of  importance 
represented  was  exceedingly  limited.     The  extraction  of 
most^'SpOTt^t  sulphur  forms  a  most  important  branch  of  industry  in  the 
branch  of  Indus-  kingdom.     The  total  amount  extracted  yearly  is  about 
280,000,000  kilos.    It  gives  employment  to  22,817  workmen. 
Sulphuric  acid  is  manufactured  in  7  establishments,  4  of 
which,  however,  consume  in  other  operations  the  acid  they 
produce      With  the  exception  of  the  firm  of  Sclopis  & 
^  sgphuric-acid  Bcchis,  at  Turfu — who  usc  pyritcs — all  of  the  works  prepare 

the  acid  directly  from  sulphur.  Large  quantities  of  sul- 
phuric acid  are  imported,  mostly  from  France.  A  single 
establishment  for  the  manufacture  of  soda  has  been  in  oper- 
Boraoic  acid,  atiou  at  Lcghom  since  1872.  Kext  to  sulphur,  boracic  acid 
is  the  most  important  natural  product.  In  Tuscany,  besides 
the  seven  establisbments  belonging  to  the  famous  Larderel 
family,  there  are  three  others  of  less  importance.  The  total 
Anmudprodact  annual  productiou  amounts  to  2,500,000  kilos. 

On  the  island  of  Vulcano  an  English  company  extracts 
annually  3,000  kilos  of  this  acid  from  the  emanations  of  the 
still  active  volcano.  Cream  of  tartar  and  tartaric  acid  en- 
gage the  attention  of  a  number  of  smaller  manufacturers. 
Alum  is  manufactured  on  a  large  scale  in  three  establish- 
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ments  in  Central  Italy.    Notwithstanding  her  natural  rich-        rr^^- 
ness  in  dolomite,  Italy  prepares  but  one-half  of  the  magne- 
sia compounds  required  in  the  kingdom.    Bisulphide  of  car-  dnsMl       ^ 
bon,  used  to  a  considerable  extent  for  the  extraction  of  oils 
fix)m  the  residues  of  the  oil  presses  and  from  other  matters,  is  cA?bo£^^^*  **' 
manufactured  by  two  firms  to  the  extent  of  500,000  kilos 
annually. 

Sulphur,  in  the  natural  state  as  well  as  refined,  was  dis-    Ezhibiton  of 
played  by  fifteen  exhibitors,  the  most  of  whom  were  from 
SicUy.    Their  names  and  addresses  are  as  follows : 

Albaui  Mines,  at  Pesaro :  Annual  product  in  all  forms 
1,000,000  kUos. 

Chamber  of  Commerce  of  Caltanissetta. 

Chamber  of  Commerce  of  Catania. 

Chamber  of  Commerce  of  Girgenti. 

A.  Cangiotti,  Pesaro :  Annual  production  about  1,500,000 
kilos. 

Cesena  Sulphur  Company,  limited. 
N.  Dellamore  &  Co.,  Cesena. 

D.  Di  Marzo,  Tufo. 
G.  Di  Marzo,  Tufo. 

F.  P.  Pantano  &  Son,  Assoro. 

E.  Buffi,  Eimini :  Annual  production  1,000,000  kilos. 
Bomagna  Sulphur  Company,  Bologna. 

General  Sulphur  Company,  Brescia :  Production  700,000 
kilos. 
Nicotera  &  Co. 

F.  Zampari,  Altarilla. 

Pereira,  Mario,  &  Co.,  Pisa-   Employ  30  workmen  and   ^«"g^^|'^»^o, 
produce  2,000,000  kilos  of  bisulphide  of  carbon  annually, 
the  whole  of  which  is  used  for  the  extraction  of  oils  and  of 
sulphur.  # 

Society  Auonima  per  la  Fabbricazione  delle  Soda,  Leg-  ia^bric?°*dS!e 
horn :  Established  1872  j  exhibit  various  products  of  the  soda,  Leghorn, 
soda  industry,  sulphates  and  borates.    This  establishment 
is  the  first  erected  in  Italy  for  the  manufacture  of  soda,  and 
is  still  comparatively  in  its  infancy. 

B.  BaroDcelli,  Florence  I  Bicarbonates  of  soda  and  potash,    b.  Baionoeiu, 
Candiaui  &  Biffi,  Milan.   Have  60  operatives  ^  capacity  of       candixmi  sc 

vitriol  chambers  1,500  cubic  meters.  The  establishment 
cousumes  annually  540,000  kilos  of  sulphur,  and  manufac- 
tures 3,a00,000  kilos  of  culphuric  acid  at  50°  B.  Other 
products  are  nitric  acid,  407,000  kilos;  hydrochloric  acid- 
203,500  kilos ;  sulphate  of  zinc,  25,000  kilos ;  preparations  of 
iron  for  paints,  150,000  kilos )  sulphate  of  soda,  550,000  kilos ) 
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"^T-  sulphate  of  alumina,  300,000  kilos ;  soluble  silicates,  20,000 
kilos ;  superphosphates,  50,000  kilos. 

sciopis,  R).  Sclopis,  Bechis,  &  Co.,  Turin:  Established  in  1812;  ca- 
^nn.  '  pacity  of  vitriol  chambers  8,000  cubic  meters.    Since  1856 

this  house  has  found  itadvantageous  to  replace  Sicilian  sul- 
phur by  the  rich  pyrites  of  the  Aosta  Valley.  It  likewise 
makes  extensive  use  of  giobertite,  a  very  pure  hydrocarbon- 
ate  of  magnesia  found  in  the  neighborhood,  for  the  manu- 
facture of  sulphate  of  magnesia. 

of  r£;°.SS?£L"  ^^^"'^l  consumption :  ^^ 

Pyrites 3,000,000 

Coal 2,000,000 

Iron  refuse 1*^0,000 

Giobertite 400,000 

Gas  water 8130,000 

AnnuAlprodoo-  Annual  production : 

^^'                          Sulphuric  acid,  50O B 3,000,000 

Sulphate  of  iron 350,000 

Sulphate  of  magnesia^ 500,000 

Sulphate  of  soda 50,  COO 

Sulphate  of  ammonia 60,000 

Acetate  of  iron 20,000 

Oxide  of  iron 20,000 

Ato[i,^i4to     Soci^t^  Q6n4rale  des  Alums,  'Civita  Vecchia :  Alum  and 

vecohk  sulphate  of  alumina. 

A.  Gonti,  Castro-caro :  lodiue,  iodides,  and  bromides  from 
the  mother-liquors  of  mineral  waters. 
p.Camboni,     P.  Gamboni,  Brescia:  Handsome  exhibit  of  carbonate  of 

Breadft.  magnesia,  of  which  40,000  kilos  are  produced  annually  by 

25  operatives.  The  dolomite  from  the  vicinity  of  Lago  di 
Guarda  is  burned  in  kilns  and  treated  with  water.  The  hy- 
drates of  lime  and  magnesia  are  then  treated  with  an  ex- 
cess of  carl)oiiic  acid  obtained  from  the  kilns,  and  the  solu- 
tion of  bicarbonate  of  magnesia  separated  from  the  carbon- 
ate of  lime.  On  boiling  the  solution  a  very  fine  carbonate 
of  magnesia  is  precipitated  as  a  light  powder. 
F.  de  Larderei,     F«  ^®  Lardcrcl,  Lcghom :  Boracic  acid  extracted  from  the 

LeghoTH.  fumeroles  of  Tuscany.    The  extraction  of  this  acid,  begun 

by  Francis  Larderel  in  1848,  is  now  conducted  in  seven  dif- 
ferent establishments  and  occupies  over  1,000  operatives. 
The  annual  yield  is  about  2,000,000  kilos. 

NORWAY.  NOEWAY. 

Ghemical  works  in  Korway  are  still  few  in  nun  ber,  lim- 
ited in  extent,  and  do  not  supply  the  chemicals  required  in 
the  land.  The  absence  of  cheap  fuel  is  an  insurmountable 
obstacle  to  progress  in  this  branch  of  industry'. 
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Chemical  Works  of  Stavanger:  The  various  products  of     nobway. 
the  soda  industry,  sulphuric  and  hydrochloric  acids.  cbemicaiwoiks 

Lysaker  Chemical  Works,  Ghristiania:   Nitric  and  s^- **Lv«akr/cbemi- 
phnric  acids.  oaiworiw. 

Leeren,  Trondhjem :  Bichromate  of  potassa.  1^'®°'  '^^^^' 

Jacobsen  &  Co.,  Fredriksstad :  Oxalic  acid  manufactured ^^S^^^^'"' 
from  saw-dust ;  a  handsome  exhibit. 

RUSSIA.  BUBMA. 


Notvnthstanding  the  enormous  market  open  in  the  empire 
itself  and  in  the  adjoining  Orient,  Bussia  makes  but  slow    siowprogreM. 
progress  in  the  chemical  arts.    Among  the  more  apparent 
hinderances  to  a  more  rapid  development  are  the  absence  of  ^J§JJ}J«j  *®  ^^ 
sufficient  means  of  transport,  the  distance  of  the  coal  mines  J«»n»port>     dis- 

^        '  tuiceof  ocMil,  lack 

from  the  industrial  centers,  and  the  necessity  of  resorting  of  machinery  and 

.  ;  .  ,,  *«  **  technical  oxperi- 

to  other  countries  for  machines,  as  well  as  for  persons  of  ©nee. 
chemical  and  technical  experience.    The  exhibits  offered  but  Ohwiieai  wrru. 
little  of  interest. 

Basso- American  Caoutchouc  Manufacturing  Comimny,  St.  ^5?*^  tST*- 
Petersburg :  This  is  one  of  the  most  extensive  manufactur-  Co. 
ing  establishments  in  Bussia  in  which  a  chemical  art  is  car- 
Hed  on.  It  was  organized  in  1860,  and  has  so  grown  in  ex- 
tent and  importance  in  seven  years  that  its  products  in  1867 
amounted  to  4,000,000  of  rubles.  It  employs  ten  steam- 
engines,  with  an  aggregate  power  of  760  horses,  and  works 
750  male  and  800  female  hands. 

Compagnie  de  la  Fabrique  de  Tentelevo,  St.  Petersburg:  j,conip.^^do^  b 
^  operatives,  34  horse-power,  value  of  annual  production  teievo,  st-Peters- 
%126,000.    Acids,  refined   saltpeter,   sulphates,    ammonia 
Salts,  etc. 

K  Lepehkine,  Moscow:  Established  in  1826,  employs  n^- Lop«iiWne, 
360  hands,  and  uses  3  platinum  stills.  Value  of  annual 
production  $700,000.  This  establishment,  which  before  the 
discovery  of  artificial  alizarine  was  devoted  chiefly  to  the 
Hianafacture  of  garancine,  is  now  occupied,  for  the  most 
part,  with  the  preparation  of  the  mineral  acids,  various 
^phates  and  alums,  and  a  number  of  other  salts. 

6.  S.  Rasterayeff,  St.  Petersburg:  Established  in  1848,  ^^  It^uS 
^ith  120  workmen^    the  various  acids  and  alkalies,  8ul-'"^«- 
pbates,  citrates,  soda  salts,  refined  sulphur.    Annual  pro- 
duction 1,300,000  kilos,  valued  at  $250,000. 

P.  Ouchkoflf,  Yelaboug :  Established  1850 :  employs  600  Yeiabi?"^^^**^ 
iQenand  runs  12  furnaces:  produces  alum,  sulphuric  acid 
from  pyrites,  sulphate  of  copper  from  copper  pyrites,  chro- 
mate  of  potash.    Value  of  annual  production  $577,000.    This 
^ablishment  was  the  first  in  Bussia  to  make  use  of  the 
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^^B&iA.  rich  Siberian  deposits  of  chromate  of  iron,  which  had  hit 
erto  been  sent  almost  entirely  to  England.  The  prodac 
aie  largely  exported  to  Asia. 

^jwt^Prang,Bar.     jf.  Prang,  Barnaoul,  Siberia:  This  establishment  w 

started  in  1864,  and  prodnces  soda  salts,  being  the  first 
use  the  natural  sulphate  of  soda  obtained  from  Siberian  i 
land  seas.    Articles  exhibited,  soda  and  caustic  soda.    A 
nual  production  550,000  kilos,  value  $42,000. 

nin©.^stPeS5^     ^'  W^rgounine,  St.  Petersburg :  Employs  80  workme 

burg.  produces  acids,  sulphates,  tin  and  lead  salts,  and  genei 

chemicals.    Value  of  annual  production  $126,000. 

^WOTOT&Haii6,     Werner  &   Hall^,  Warsaw:   45    operatives,   18  hors 

power.    Produce  annually  $63,000  worth  of  carbonate  an 
sulphate  of  magnesia,  saltpeter,  chromic  acid,  etc. 

BPAIK.    ♦  SPAIN. 


Spain  possesses  an  immense  wealth  in  natural  products 

still  the  great  chemical  industries  have  as  yet  establishe* 

Abundance  ofno  foothold  thcrc.    Goal,  sulphur,  pyrites,  salt,  oxide  c 

raw  mftteriaL  bat  /    ■  ^^  /  7 

few  chemical  in-  mangaucsc,  iu  fact  all  natural  raw  material  necessary  fo 

the  manufacture  of  soda,  are  found  in  abundance,  but  unti 
now  they  form  only  leading  sources  of  supply  for  France 
and  especially  England.  The  annual  yield  of  pyrites  i 
over  440,000,000  kilos ;  sulphur,  1,650,000  kilos ;  oxide  c 
manganese,  35,000,000  kilos ;  and  salt,  400,000,000  kiloj 
The  exhibitors  were: 
Exhibitors.         Campo  &  Co.,  Haro :  Cream  of  tartar. 

Chaves  &  Gonzalez,  BoUulos :  Cream  of  tartar. 

S.  Nadal,  Lerida :  Soda  ash. 

Count  de  Torregrosa :  Soda  ash. 

Lagrera  &  Escales,  Felanix :  Ether. 

Eesola  Bros. :  Sulphuric  and  nitric  acids  and  soda. 

Alkalies  and  acids  were  also  exhibited  by  seyeral  Englifi 
firms. 

8WBDKH.  SWEDEN. 


Orowi^,bat     The  chemical  industries,  although  growing  rapidly,  are  i 

chemicaT  i^diw-  yct  unablc  to  meet  the  demands  of  the  kingdom.    Sulphur 

''^®*'  acid  is  produced  to  the  extent  of  4,870,000  kilos  annuall 

and  is  consumed  almost  entirely  in  the  manufacture  of  s 

Snperphos*  perphosphates,  of  which  8,500,000  kilos  are  annually  pr 

duced  in  four  factories.    The  wasteful  preparation  of  x>otaj 

by  combustion  in  the  more  densely  wooded  regions  is  ra 

idly  diminishing.    The  preparation  of  saltpeter  irom  urii 

and  ashes  is  also  becoming  less  customary,  and  now  pr 

duces  but  21,200  kilos  annually.    The  exhibitors  were : 

Mineeofstorra.     Miucs  of  Stora-Kopparbcrg :  By- products  of  the  rich  p 
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rites  deposits  of  the  neighborhood,  sulphuric  acid,  oxide      *^'^^: 
of  iron,  sulphates  of  iron  and  copper,  and  sulphur.    This 
establishment  is  well  known  as  the  scene  of  Berzelins's  dis- 
covery of  selenium. 

SWITZERLAND.  Switzerland. 


The  almost  entire  absence  of  coal  and  of  deposits  of  raw      Deficiency  of 

^  _         ,  coal  and  raw  ma- 

material  requisite  for  chemical  manufactures  has  been  a  teriai  for  cUomi- 
serious  drawback  to  the  development  of  these  industries  in  tares. 
Switzerland,  and  it  has  been  overcome  on  a  large  scale  by 
bttt  a  single  firm. 

C.  Jetzler,  Schaflfhausen,  Exhibited  a  plan  of  installation  sohatrLn^^'^^' 
for  a  new  method  of  regenerating  oxide  of  manganese. 

Schnorf  Bros.,  Uetikon:  Established  in  1818;  employ  schnorf  Bros.. 
100  workmen  and  14  horse-power.  This  establishment, 
founded  for  the  manufacture  of  sulphate  of  copper,  began 
the  manufacture  of  sulphuric  acid  in  1824,  and  in  1870  sub- 
stituted for  Sicilian  sulphur  the  well-known  Lyon  pyrites. 
It  was  the  first  to  overcome  the  natural  difficulties  facing  the 
chemical  industries  in  Switzerland,  resulting  from  a  lack  of 
fuel  and  raw  material,  and  it  produces  at  present  about 
6,000,000  kilos  of  chemicals,  representing  a  value  of  $600,000.  ^^^^'''^''  ^^'^'^ 
Seventy-five  hundred  kilos  of  pyrites  are  used  daily,  the 
sulphuric  acid  being  formed  in  four  series  of  vitriol  cham- 
bers, and  two-thirds  of  it  being  used  for  the  preparation  of 
sulphate  of  soda.  The  soda  production  consists  of  350,000  sodft,ctc. 
kilos  of  a  very  pure  sulphate  of  soda  and  1,500,000  kilos  of 
soda  crystals,  760,000  kilos  of  hydrochloric  acid,  250,000 
kilos  of  chloride  of  lime,  250,000  kilos  of  nitric  acid,  50,000 
kilos  of  tin  salts,  1,500,000  kilos  of  sulphate  of  iron,  750,000 
kilos  of  iron  liquor  (prepared  by  oxidizing  sulphate  of  ii'on 
^th  nitric  acid,  and  greatly  in  request  among  Swiss  silk 
''Manufacturers),  chloride  of  zinc  for  the  impregnation  of 
'^ilway  ties,  and  pure  acids  and  salts. 

SOUTH  AND  OENTEAL  AMEBIOA.  bouth  jlnd  ckx 

TBAL  AMVRICA. 


Peru  exhibited  specimens  of  iodine,  saltpeter,  and  nitrate 
^f  soda. 

Guatamala  exhibited  wliite  lead  and  refined  saltpeter  and 
^lum. 

The  Argentine  Hepublic  exhibited  soda  ash,  cream  of  tar- 
tar, and  sulphur. 

UNITED  STATES  OF  AMEBIC  A.  ukited  states  op 

▲M£niCA. 

lu  general  the  chemical  industries  of  the  United  States 
5ire  far  removed  from  the  stage  of  development  warranted 
7  p  B VOL  4 
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UNITED  BTATits.  ^y  the  natursl  wealth  of  the  country  and  the  high  degree 
Our  deficiency  of  perfection  attained  in  other  branches  of  manafactnre. 

in  chemical  man-  r-,,  .«,,  ^^  «  ., 

ufactarcH.         The  statc  of  dependence  on  Europe  for  so  many  articles  is. 
onEm^pT  ^^^'^^  however,  constantly  growing  less,  and  it  is  to  be  hoped 

from  the  progress  made  during  the  past  few  years  that  be- 
fore no  distant  date  as  important  a  change  will  be  effected 
in  this  respect  as  has  been  lately  the  case  with  regard  to 
numerous  branches  of  textile  and  metallurgical  industry. 
As  noteworthy  indications  of  the  movement  in  this  direc- 
Brominoindus-tion,  may  be  mentioned  the  rapid  development  of  the  bro- 
vaiiey.  miuc  mauufacturc.  in  the  Ohio  Valley,  which  in  the  course 

of  a  few  years  has  assume^  such  dimensions  as  to  practi- 
cally command  the  market  of  the  world;  and  thld  equally; 
Borax  prodnc- rapid  exteusiou  of  the  borax  production  in  the  Pacific 
sta^"*^''^^*^^^  States,  which  causes  no  small  degree  of  anxiety  among  Eu- 
ropean manufacturers  of  this  article. 
the  chief  crSter     Philadelphia  is  the  chief  center  of  chemical  manufact 
du8^^*°*^*^^  ^^  ure.  New  York  and  Boston  following  se<^ond  and  third  in 
Ncw^York'^andthe  list.    Accordiug  to  statistics  collected  in  1875,  there 
Boston.  were  in  Philadelphia  and  its  environs  245  chemical  works, 

Prodnction  with  au  auuual  production  valued  at  $31,298,000,  and  di- 
?hemicaiwoi?^8.  vidcd  as  follows : 

Chemicals $12,000,000 

Pharniocentical  produotB 3, 500, 000 

Soap 3,04«,000 

Oils  and  petToleom 3,500,000 

Colors 3,964,000 

Perfumes 1,125.000 

Gas  and  by-products 4, 161, 000 

Imports  of  Sid-     Thc  imports  of  sulphur  from  Sicily  have  mounted  from 

lian  sulphur.       jg  830,000  kilos  in  1872  to  32,656,000  kilos  in  1877.     It  is 

probable  that  an  energetic  development  of  the  extensive 

Pacific  coast  deposits  iu  the  Pacific  States  will  soon  enable  the  country 

-deposits.  ^^  ^  entirely  independent  of  the  European  source.    The 

manufacture  of  sulphuric  acid  assumes  daily  more  impor- 
tant proportions  since  its  extended  application  in  the  ]>e- 
troleum  refineries.  Sulphur  is  at  present  almost  .the  sole 
material  used  for  this  manufacture.  The  deposits  of  pyrites, 
although  widespread  and  of  fair  average  quality,  are  still 
generally  too  remote  from  industrial  centers  to  be  utilized 
for  this  purpose,  and  the  prospects  of  a  rapid  extension  ol 
die  sulphur  supply  in  the  West  has  prevented  any  notabk 
Alkali  indusiry  disposition  for  their  use  in  the  various  works.  The  alkali 
4n  its  infancy,     jjjj,^^^^^  rcmaius  Still  iu  its  infancy.    Apart  from  the  pro 

duction  of  the  well-known  works  in  Pennsylvania,  whicl 
make  use  of  the  greater  part  of  the  crjolite  obtained  in 
vGpeettland,  the  wants  of  the  country  in  this  direction  arc 
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UNITED  STATES. 


met  by  importation  from  England.    The  amount  of  this  im 
portjvtion  in  1878  was  over  115,000,000  kilos.    The  discovery  imports  of  soda, 
of  extensive  deposits  of  natural  soda  in  the  western  s^tion^^^tem  soda 
of  this  country,  at  points  not  far  distant  from  the  Pacific  Rail- 
road, will  be  likely  to  bring  about  an  important  change  in 
the  source  of  this  article.    On  account  of  the  climate,  the 
maaufacture  of  bleaching  powder  is  attended  with  such  ^^^^mporta^  of 
difficulties  that  almost  the  entire  quantity  of  this  product  <i«r- 
required  in  the  United  States  is  likewise  imported  from 
England.    The  import  amounted  to  22,000,000  kilos  in  1876. 
Saltpeter  is  an  article  of  comparatively  recent  manufacture.    Saltpeter. 
During  the  past  two  years,  however,  this  industry  assumed 
such  proportions  that  large  quantities  were  exported  to  Eus 
sia  during  the  late  war. 

Among  other  branches  which  are  of  constantly  growing 
importance  are  the  manufactures  of  red  and  yellow  pros-  ^  Manufuctures 

of    piiissiato    of 

Slates  of  potash,  of  alum,  and  of  borax.  The  deposits  of  iron,  aium,  and 
borax  in  the  United  States  are  at  present  being  developed 
with  great  rapidity,  and  the  supply  of  200,000  kilos  monthly 
is  not  only  sufficient  for  the  needs  of  the  country,  but  af- 
fords a  considerable  surplus  for  exportation.  The  produc- 
tion of  bromine,  which  has  increased  in  ten  years  from  5,000  b™™"!®- 
kilos  to  125,000  kilos,  has  rendered  possible  the  use  of  this 
valuable  element  in  numerous  operations  where  chlorine  has 
hitherto  been  applied. 

Unfortunately,  the  exhibits  of  the  products  of  the  great    ^oj*y  waited 
chemical  industries  were  of  the  most  limited  character,  and 
afforded  no  just  view  of  the  progress  made  of  late  years  in 
this  department  of  industry  in  our  country. 

The  following  were  the  only  exhibitors  of  chemical  prod-    Exhibitors, 
ttcts  in  the  United  States  section : 

H.  J.  Baker  &  Bro.,  New  York  City.    Exhibited  very    h.  j.  Baker  & 
^ndsome  specimens  of  borax,  refined  saltpeter,  camphor,  ^'■*** 
•^Dd  epsom  salts.    The  products  of  this  firm  compare  favor- 
^ly  with  those  of  any  other  establishment  represented. 

Henry  Bower,  Philadelphia:  This  exhibitor  displayed  in    Henry  Bower, 
a  very  modest  and  unostentatious  style  his  superior  glycer- 
ine in  one-pound  bottles;  specimens  of  handsome  yellow 
Piussiate  of  potash,  and  some  ordinary  sulphate  of  am- 
monia. 

Hance  Bros.  &  White,  Philadelphia :  A  number  of  very    Hance  Bro^  & 
beautiM  specimens  of  chemical  preparations  for  medicinal  ^^*^ 
use  were  included  in  the  pharmaceutical  display  made  by 
this  firm.    The  following  were  especially  noted  for  their  fin- 
ished and  handsome  appearance :  Monobromated  camphor, 
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mnrgp  sTATBb.  hydrochlorate  of  berberine — ^both  preparations  in  crysta 
prepared  with  much  skill  and  care. 

A.  Piix  A.  Pirz,  Gamiola  Chemical  Works,  Long  Island  City.  E 

hibited  a  specimen  of  pore  acetate  of  lead. 

c.  T.  whit«  A  C.  T.  White  &  Co.,  New  York :  The  collection  of  8pe< 
mens  representing  this  hoase  consisted  of  morphia  and  j 
salts,  crystallized  strychnia,  valerianate  of  qainia,  ai 
iodides  and  bromides  of  potassiam,  etc.,  all  of  which  we 
of  the  best  quality  and  presented  quite  a  handsome  ai 
creditable  appearance.  These  products  were  as  good  ai 
as  prepossessing  as  any  shown  in  the  Exposition,  and  ve 
much  handsomer  than  most  that  were  exhibited. 

Many  of  the  exhibitors  in  Class  47  sent  specimens 
chemical,  pharmaceutical,  and  tinctorial  products,  and 
consequence  of  this  diversity  in  the  exhibits  the  same  fin 
may  appear  under  several  heads. 


Alizarin..  ALIZAEINE. 

Its  discovery  an     Oracbc  &  Liebcrmanu's  discovery  forms  an  epoch  in  tl 
epochincbeinicai  j^.g^^j,y  of  Organic  chcmistry,  alizarine  being  the  first  nat 

ral  dye-stuff  which  has  been  prepared  artificially.     Sin 

that  time  the  manufacture  of  this  body  from  anthrace 

The  first  arti-  has  assumcd  very  large  proportions.    According  to  the  o1 

Sf  a  nJturardye!  cial  rcport  ou  the  Vienna  Exhibition  of  1873,  there  exist 

"^°^  at  that  time  ten  or  twelve  alizarine  works  in  Germany,  wh 

England  and  France  possessed  one  each.    The  total  qua 

titv  of  alizarine  manufactured  in  the  year  above  mention 

Production  inwas  about  2,500,000  kilos  of  alizarine  paste,  containing 

^^^'  i)er  cent,  of  coloring  matter,  representing  at  that  time  a  val 

Now  probably  of  $3,000,000,  gold.     Siucc  that  time  the  annual  produ 

has  greatly  increased,  and  it  may  safely  be  put  down 

double  that  amount.    The  total  amount  of  madder  whi 

hitherto  has  been  used  per  annum  may  be  estimated  at  o 

romieramoant  million  hundredweight,  with  a  value  of  $10,000,000. 

?ao,ooo,ow  lbs.  '  can  fairly  be  assumed  that  there  exists  in  coal-tar  a  qua 

tity  of  anthracene  which  is  more  than  sufficient  to  manufat 

ure  an  amount  of  alizarine  equal  to  that  contained  in  t 

above-mentioned  quantity  of  madder. 

The  discovery  of  the  artificial  production  of  alizarine  rei 

Graebe  A  Lie-  OU  au  observation  made  by  Oraebe  &  Liebermann,  in  ISi 

^rmann.  ^j^^^  alizarine  bore  a  very  close  relation  to  anthracene,  C^B 

They  succeeded  not  qnly  in  reducing  alizarine  to  anthracei 
but  also  in  converting  the  latter  into  the  former  by  a  pn 
ess  of  synthesis.    They  took  advantage  of  a  discovery  pi 
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viously  made  by  Anderson  that  when  anthracene  is  heated     ^n^aHM. 
with  uitric  acid  it  is  oxidized  to  a  yellow  crystalline  body, 
wJiich  he  called  oxyanthracene,  C14H8O2,  now  known  by  the 
name  anthraqainone.    On  heating  this  body  with  bromine    Conversion  of 
it  yields  dibromanthraquinono,  Ci4HGBr202,  and  on  melting  aUzarine. 
this  with  caustic  potash  it  is  converted  into  alzarine  accord- 
ing to  the  following  equation — 

0i4H6Br2O2+2KOH=Ci4H8O4+2KBr, 

Many  other  and  cheaper  processes  for  preparing  this  sub- 
stance have  since  been  discovered  and  patented,  and  the 
dye-staff  is  sold  in  the  markets  of  the  world  at  a  price  which 
bids  fair  to  drive  madders  out  of  use  entirely,  and  thus  lib-  Probable  entire 

diBnaeof  mauctor. 

erate  the  thousands  of  acres  of  the  most  fertile  lands  to  the 
coltore  of  cereals  or  other  products  of  more  immediate  ne- 
cessity to  the  rapidly  increasing  population  of  a  crowded 
world.  This  coloring  matter  may  also  be  obtained  by  an- 
other and  a  much  cheaper  process,  which  avoids  the  tedious 
operations  incident  to  the  formation  of  anthraquinone  and 
its  bromated  compound,  and  a  beautiful  product  is  offered  to 
dyers  at  a  greatly  reduced  price.  The  process  may  be  sum-  Procoes  of  con- 
marized  thus :  Anthracene  is  converted  into  a  sulpho  com-  oene. 
poond  by  means  of  a  sulphuric  acid  aided  by  heat,  from 
which  reaction  results  anthracene-sulpho  acid,  G28H18SH4O3. 
After  proper  dilution  with  water,  the  solution  is  oxidized 
with  chromic  acid,  binoxide  of  manganese,  or  other  similar 
bodies,  and  afterwards  neutralized  with  chalk  or  pounded 
lunestone.  The  oxidized  acid  is  then  converted  into  a  potas 
siom  salt,  and  heated  with  caustic  potash,  by  means  of 
which  £dizarate  of  potassium  is  formed,  and  finally  the  aliza- 
rine is  set  free  by  hydrochloric  or  sulphuric  acid. 

One  of  the  largest  manufacturers  of  this  coloring  matter, 
Messrs.  Bindschedler  &  Busch,  of  Basle,  Switzerland,  who^,  ,  Prwew  <^ 

J.    ,  '  '  ^  Bindflcbeuler    & 

<u8played  a  magnificent  collection  of  the  latest  novelties  in  Bosch, 
^ficial  colors  in  the  Palais  du  Champ  de  Mars,  have  allowed 
the  following  process  to  be  published :  Before  commencing 
the  oxidation  they  sublime  the  anthracene  in  a  special  appara- 
tos  by  means  of  superheated  steam,  and  finely  pulverize  the 
prodnct.  They  state  that  by  their  process  of  sublimation  SubUmatioii. 
not  more  than  2  to  3  per  cent,  of  the  material  is  lost,  and  a 
comparatively  pure  product  is  obtained.  Preliminary  to  the 
main  operation  they  ascertain,  by  testing,  the  exact  theoreti- 
cal amount  of  bichromate  of  potassa  necessary  to  oxidize  the 
anthracene  only,  so  as  not  to  employ  an  excess  which  would 
attack  other  hydrocarbons  that  may  be  present,  since  the 
latter  when  oxidized  are  dissolved  in  the  subsequent  steps 
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AUzaHns.     of  the  process  of  the  parification  of  the  anthraqainon< 

and  being  carbonized  by  the  sulphuric  acid,  would  soil  tk^ 
product. 

In  large  wooden  tanks  lined  with  lead  and  provided  witH 
mechanical  agitators,  200  kilos  of  sublimed  and  finely  po\c?" 
dered  anthracene  are  mixed  with  3,000  liters  of  water,  heater 
to  the  boiling  point  by  steam,  containing  in  solution  192  kil(^. 
of  bichromate  of  potassa.  After  the  mixtion  is  complete  ^ 
small  stream  of  272  kilos  of  sulphuric  acid  of  66^  dilutee: 
with  water  to  the  strength  of  30°  Baum6,  is  allowed  to  tvlti 
Process  of  slowly  in  for  8  to  10  hours,  during  the  whole  of  which  time 

Btodwjhedier  &,  ^^^  stirring  must  be  uninterrupted.    The  steam  must  be 
nearly  or  quite  cut  off,  as  the  entrance  of  the  acid  disen- 
gages sufficient  heat  to  maintain  the  ebullition.     Towards 
the  end  of  the  reaction  the  steam  should  be  let  on  again. 
Crude  anthra- The  thick  mass  of  crudc  authraquinone  is  then  washed 

^    **°^'  and  dried,  and  forms  a  yellowish-red  powder,  weighing 

about  230  kilos.  The  mother- waters  contain  the  sulphates 
of  chrome  and  of  potassa,  which  are  evai>orated  and  treated 
to  recover  the  chrome. 

For  the  purification  of  the  crude  authraquinone,  220  kilos 
of  it  are  very  slowly  added  to  600  kilos  of  sulphuric  acid 
of  660  Baum^,  heated  to  80°  0.  in  a  large  cast-iron  boiler 
furnished  with  a  mechanical  agitator;  the  temperature  rises 
to  100^  C,  and  it  should  not  be  allowed  to  exceed  that 
degree,  but  should  be  maintained  at  that  point  until  the 
whole  of  the  authraquinone  is  dissolved,  and.  a  test  x>ortion 
of  the  mixture  when  thrown  into  water  lets  &11  a  white 
precipitate.    The  mass  is  then  run  into  large  shallow  leaden 
pans  and  allowed  to  get  completely  cold,  and  the  black 
crystalline  mass  is  then  boiled  up  in  20  times  its  weight  of 
water.    The  solution  is  passed  through  a  filter  press  and 
the  authraquinone  is  washed  free  from  the  sulpho  acids  re- 
sulting from  the  action  of  the  sulphuric  acid  on  the  impur- 
ities in  the  anthracene.     When  the  oxidation  has  beeu-j 
pushed  too  far  not  only  are  the  wash- waters  of  a  dark  andJ 
troubled  appearance,  but  the  quinone  is  likewise  dark  col— 
ored.    If  the  operation  has  been  successfully  carried  out  ae 
Pnriaedantbra.  yield  of  122  kilos  of  purificd  anthroquiuoue  should  b^ 

quinone.  obtained.    It  should  present  a  grayish  color  and  a  crystalJ 

line  structure  and  contain  90  per  cent,  of  the  pure  substances 
which  may  be  further  purified  by  boiling  it  with  a  dilutee 
solution  of  carbonate  of  soda.  This,  when  washed  anc^ 
dried,  contains  from  93  to  96  per  cent. ;  but  if  resublime^*: 
with  care  a  sublimate  containing  98  per  cent,  may  be  okzJ 
tained.    Two  hundred  kilos  of  anthracene  should  yield  11 — i 
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kilos  of  purified  anthraqainone,  which  sells  now  for  $1.30     AUzaHiu. 
per  pound. 

Alizarine  (bloish  hue)  is  prepared  from  the  above  by  mix-  BindschSiie**  & 
ing  100  kilos  each  of  anthraquinone  and  sulphuric  acidBascb. 
(oomposed  of  55  per  cent,  of  monohydrate  and  45  per  cent, 
anhydride),  the  latter  previously  liquefied  on  a  sand  bath 
ia  an  enameled  boiler  provided*  with  a  mechanical  stirrer 
and  heated  by  means  of  an  oil  bath.    The  heat  is  very    Preparation  of 
gradually  raised  until  a  temperature  of  160^  G.  is  attained,  rine  from  onthn- 
and  the  mass  is  kept  at  that  degree  for  an  hour.    The  ccm-  ^'**™*°®- 
tents  of  the  boUer  are  then  diawn  off  or  emptied  into  a  suffi- 
cient quantity  of  boiling  water,  which  is  maintained  at  that 
temperature  for  some  time ;  the  whole  is  then  thrown  into 
a  filter  press,  in  which  the  undissolved  quinone  (about  25 
per  cent.)  is  retained,  washed,  and  dried.    The  filtrate  and 
^iish-waters  contain  principally  anthraquino-monosulphur- 
ou«  with  a  little  disulphurous  acid,  which  are  to  be  separated. 
The  mixed  acids  are  saturated  with  soda-lye,  when,  on  cool- 
iiig,  the  anthraquino-monosulphite  of  soda  precipitates  out 
^n  pearly  white  scales,  which  may  be  rendered  chemically 
Pure  by  recrystallization.    The  mother-waters  contain  the 
^otUraquino-disulphite  of  soda,  together  with  a  little  of  the 
*nono-salt. 

On  concentrating  the  mother-waters  the  mono  salt  crys- 
tallizes out  by  refrigeration  and  leaves  thedi-salt  nearly  pure, 
^ong  with  a  little  sulphate  of  soda,  which  is  got  rid  of  by 
Evaporating  the  solution  to  a  density  of  30°  Baum^,  and 
<KK)ling,  when  the  sulphate  of  soda  crystallizes  out.  The 
filtrate  is  evaporated  to  dryness,  fused,  and  furnishes  a  verj^ 
yellow  alizarine.  Yeiiow  aUsa- 

One  hundred  kilos  of  anthraquinone  treated  by  fuming'^®' 
Sulphuric  acid  are  distributed  as  follows :  25  kilos  ace  unat- 
tacked,  50  kilos  go  to  form  anthraquino-monosulphurous 
^cid,  and  25  kilos  go  to  produce  anthraquino-disulphurous 
^*cid.  Anthraquino-monosulphite  of  soda,  several  times  re- 
^^stallized,  on  fusion  produces  the  varieties  of  alizarine 
specially  employed  for  coloring  violet  shades  of  red,  and  it      Alizarine  of 

^  ,  ,  t.         .  violet  shades  of 

^presents  a  nearly  pure  alizarme.  red. 

For  the  fabrication  of  alizarine  with  a  yellowish  reflec-  Alizarine  with 
tlon,  100  kilos  of  anthraquinone  is  heated  to  160O-170o  C.  uon!*^**  ^  ^ 
"^ith  200  kilos  of  fuming  sulphuric  acid  (containing  45  per 
cent,  of  anhydride),  with  constp^nt  agitation  in  the  manner 
Hbove  described,  until  a  few  drops  of  the  mixture  taken  out 
as  a  test  dissolve  completely  in  water.  The  mass  is  main- 
tained at  the  temperature  designated  for  an  hour,  when  it 
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Alizarine,     ig  tumed  uito  Water,  dissolved,  neatralized  with  caustic 
soda,  evaporated,  and  fased. 
Process  iu     Tlic  fasioH  of  the  mass  was  formerly  done  in  open  vessels, 
tier  pressure,      bat  it  was  attended  with  great  loss  of  alizarine  on  accoant 

of  the  regeneration  of  anthraquinone,  and  the  dye-stufiT 
obtained  was  impure.  It  has  been  found  that  when  the 
fusion  is  accomplished  in  closed  vessels  and  under  pressuie^ 
and  especially  in  presence  of  an  oxidizing  body,  sls  chlorate 
of  potassa,  the  yield  is  much  greater  and  the  product  purer. 
It  is  sent  into  commerce  in  the  shape  of  paste,  containing 
from  10  to  20  per  cent,  of  dry  alizarine. 
Rapid  nowth     The  growth  of  the  anthracine  industry  has  been  no  lesa 

of  theantDracine  .j^-i  '^j*  ji  •ii*^         i         i_ 

indastry.  rapid  than  its  discovery  and  chemical  history  has  been  won- 

derful. In  less  than  a  year  after  its  discovery  there  were 
five  works  in  Germany  and  one  in  England  engaged  in  its 
manufacture  on  a  large  scale.  In  1876  Grermany  sent  into 
commerce  4,000,000  kilos  of  alizarine  paste  of  10  per  cent 
KedncUon  in  Strength.     lu  1871  it  fetched  26  fr.  the  kilo,  in   1877  it 

^^'^-  was  sold  for  5  fr.,  and  during  the  first  half  of  1878  the 

price  fell  to  3.10  fr.,  and  for  a  little  while  at  2.80  fr.  the 
kilo  (28  cents  per  pound).    During  last  August  and  Sep- 
tember the  price  went  up  on  account  of  a  rise  of  45  per 
cent,  in  the  market  price  of  bichromate  of  potassa. 
Cause  of  the     To  ovcrproductiou  of  anthracene  and  its  derivatives, 

lo\7  Dl^COA. 

together  with  the  universal  depression  in  all  industries,  is 
attributed  the  exceedingly  low  price  of  this  valuable  dye- 
stuff. 
Derivatives  of    Amoug  the  colorcd  derivatives  of  alizarine,  nitro-aliza- 

^  Nft^aiizarine.  riuc  should  be  uoticcd  as  one  which  possesses  considerable 

industrial  importance,  owing  to  the  lively  and  ^'fast''  orange 
color  which  it  communicates  to  cloth.  It  was  first  produced 
economically  on  the  large  scale  at  the  Baden  Aniline  and 
Soda  Works,  and  now  its  manufacture  is  carried  on  in  al- 
most  all  the  establishments  engaged  in  the  anthracene  colors 
industries. 
Preparation  of     This  chcmical  is  prepared  from  a  pure  alizarine  made 

nitro  auzarine.    ^^^  anthraquino-mouosulphurous  acid  perlectly  free  from 

the  di-acid.  It  must  be  dry  and  in  a  finely  powdered  con- 
dition and  mixed  with  a  sufficiency  of  petroleum  ether 
(<'  benzine").  Into  this  mixture  nitrous  acid  is  passed  until 
a  test  portion,  dissolved  in  a  little  boiling  water,  gives  on 
the  addition  of  an  alkali  a  distinct  orange  coloration ;  the 
current  of  nitrous  acid  is  then  stopped  and  the  mixture 
thrown  on  a  filter,  and  the  residue  pressed.  This  is  then 
dissolved  in  a  boiling  diluted  solution  of  soda,  the  ebulli- 
tion being  kept  up  until  the  whole  of  the  "  benzine  "  is  got 
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rid  of,  after  which  the  nitro-aUzaTine  is  precipitated  irom     -Aiiaimw. 
its  combination  with  the  alkali  by  means  of  hydrochloric  j^j^pJ]^^/*' 
add  and  drained  on  a  filter  until  it  is  reduced  to  a  paste 
containing  10,  15,  or  20  per  cent,  of  "alizarine  orangc^^  AiiMdne 

A  cheaper  and  simpler  process  than  the  one  above  re- 
ferred to  is  employed  in  some  works  for  the  preparation  of 
this  color,  consisting  principally  in  substituting  the  "cham- 
ber crystals "  from  vitriol  works,  instead  of  nitrous  acid 
especially  prepared. 

This  body  not  only  serves  an  important  purpose  as  a  dye  Anthrsocne 
stuff,  but  it  has  lately  assumed  the  role  of  a  matUre  prem- 
iere in  the  manufiEM^ture  of  anthracene  blue,  which  is  at- 
tracting so  much  attention  as  a  succedaiieum  for  indigo. 
Dr.  Koch,  chemist  to  the  manufactory  of  Bindschedler  & 
Busch,  of  Basle,  gives  the  following  summary  of  the  proc-  Prooeii. 
ess  employed  in  their  works :  Equal  parts  of  very  concen- 
trated sulphuric  acid  and  anhydrous  glycerine  are  mixed 
and  heated  to  200©  C,  with  a  fiftieth  of  their  weight  of  dry 
nitro-alizarine  powder ;  after  the  reaction  is  accomplished 
tbe  product  is  turned  into  a  dilute  solution  of  alkali,  zinc 
dust  added,  and  heat  applied.  After  the  reduction  by  means 
of  the  zinc  dust  is  finished,  the  whole  is  thrown  on  a  filter; 
the  alizarine  blue  formed  and  remaining  in  the  filtrate  is 
precipitated  out  by  means  of  a  current  of  air.    This  color- 

• 

ing  matter  is  very  slightly  soluble  and  forms  nearly  insolu- 
We  lakes  with  lime ;  consequently  its  application  in  dyeing 

• 

18  attended  with  more  tlifficulty  than  is  experienced  with 
alizariue. 
This  new  color  gives  greenish-blue  lakes  with  lime,  ba-    Tinte  obtained 

_^  ••  irom  anthracene 

vta,  and  iron ;  a  reddish-blue  with  alumina ;  a  violet-blue  blue, 
with  chrome,  and  a  red- violet  with  tin.  Stuffs  mordanted 
^th  these  salts  will  consequently  be  dyed  in  corresponding 
^lors;  that  obtained  on  cloth  mordanted  with  iron  salt  re- 
sembles closely  the  color  produced  under  like  circumstances 
^y  mdigo.  These  colors  are  all  distinguished  for  their  great 
P^nnanence  and  ability  to  resist  the  action  of  detergents, 
being  altered  neither  by  soap  nor  chlorinated  lime.    Like ,  ,  Behaves  uke 

•   ».  V  *  indigo  when  re- 

"Jdigo,  alizarine  blue  may  be  reduced  in  presence  of  an  al-  duced  and  mbae. 

Iroi-       -1^.  JIT  -,    -L  '  -M  -»  quenllyoxWiBed. 

^u,  With  Zinc  powder,  hydrosulphurous  acid,  or  glucose, 
^d  gives  a  yellowish-brown  solution,  from  which  mor- 
^ted  goods  extract  the  reduced  color,  and  on  exposure  to 
air  they  become  blue  by  its  oxidation. 
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Alizarine  blu4.  ALIZARINE  BLCTE. 

Report  [ Extracted  from  report  of  MM.  Koechlin  ^  Prndliomme,  of  Malhonae.! 

of    Koechlin    &  -* 

o»nn»e.  ^.^  body,  notwithstandiug  its  derivation  and  name^ 
should  be  classed  with  indigo,  as  it  x)ossesses  properties  sui 
generisj  and  would  occupy  a  place  intermediate  between 
indigo  and  alizarine.  Alizarine  blue  is  found  in  commerce 
in  the  form  of  purplish-brown  or  bluish  paste,  containing 
10  per  cent,  of  coloring  matter.    When  crystallized  out  o1 

ite  character,  its  bcnzinc  solutiou  it  takcs  the  shape  of  purplish-brown 
needles,  with  a  metallic  luster.  It  fuses  at  170o  C,  giving 
off  orange-red  vax)ors,  which  condense  on  cool  surfaces, 
taking  the  shape  of  needles  of  a  bluish-black  color.  It 
is  nearly  insoluble  in  water,  but  it  is  soluble  in  small  pro- 
portion by  alcohol  and  benzine,  giving  rise  to  red  solutions. 

Beharior  under     Concentrated  sulphuric  acid  dissolves  it  to  a  very  fine 

treatment     with  *^  •^ 

acids, etc  red  solutiou,  which,  when  heated  for  sometime  and  treated 

with  water,  lets  fall  a  blue  precipitate,  which  seems  to  pos- 
sess all  its  primitive  tinctorial  powers.  Arsenic  acid  of  70° 
B.  dissolves  it  easily  to  an  orange-red  solution,  which  passes 
to  the  color  of  fuchsine  red  on  the  addition  of  glycerine. 
With  lime,  baryta,  and  strontia  it  gives  blue-green  or 
green-blue  lakes.  A  boiling  solution  of  alum  or  of  sulphate 
of  alumina  does  not  dissolve  a  trace  of  this  coloring  matter, 
a  property  sufficient  to  characterize  it,  and  serves  as  a  dis- 
tinct line  of  demarkation  between  it  and  alizarine  and  pur- 
purine. 
Huea  obtained     In  dyciug,  the  hucs  Obtained  by  the  use  of  different  mor- 

by  mordanting.      ,       .  -„ 

dants  are  as  follows : 

With  alumina Purplish  blue. 

With  iron - Greenish  blue. 

With  chrome Violet. 

With  tin Reddish  violet. 

Oxide  of  nickel  fixed  ux)on  the  tissue  is  dyed,  according 
to  M.  Dollfiis,  of  a  much  purer  blue  than  with  other  mor- 
dants. 
Preparing  the  Bciug  almost  iusolublc  iu  watcr,  it  is  necessary  to  add  a 
little  soap,  or  preferably  sulpholeic  or  sulpho-ricinic  acid, 
with  a  slight  excess  of  ammonia,  to  the  bath.  The  propor- 
tions may  be  as  follows : 

1  part  of  alizarine  blue  of  10  per  cent. 
I  to  2  parts  of  fat  acid. 

The  bath  should  be  heated  to  70o  C.  and  gradually  (in 
one  hour)  brought  up  to  the  boiling  temperature,  at  which 
it  should  be  maintained  for  half  an  hour.    The  presence  of 
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certain  salts,  phosphate  of  soda  for  example,  seems  to  fa-  ^^i»»rine  Hue 
vor  the  operation  of  dyeing  with  this  matter.    The  whites prudhoimne^  * 
are  slightly  affected  daring  the  operation,  and  shoald  be 
at  once  subjected  to  soaping  at  50-60o  C. 

This  dye  enjoys  the  singular  property  which  indigo  pos-      Properties  of 
sesses  of  becoming  reduced  in  alkaline  solution,  and  may    ^  ^^' 
consequently  be  used  in  the  same  manner  for  dyeing.    For 
cotton  goods  the  bath  is  reduced  with  zinc  and  soda  oif  by ,  The  bath  and 

.  its  maDagement. 

hyposulphite  of  soda.  The  tissue  after  passing  through 
the  hath  is  exposed  to  the  oxidizing  influence  of  the  air, 
and  the  operation  is  repeated  until  the  depth  of  tone  de- 
sired is  attained,  after  which  the  tissue  is  passed  through 
a  weak  solution  of  chloride  of  lime  or  of  bichromate  of 
potash,  to  which  a  little  lime-water  is  added. 

Solution  of  reduced  alizarine  blue  may  also  be  applied  by    AUsarine  Mae 
printing,  and  the  following  mixtui-e  gives  good  results  so  eoocu.    ^ 
far  as  brightness  and  vivacity  of  tint  are  concerned,  but  it 
does  not  resist  the  action  of  soap  or  of  light : 

Aliiarine  blue,  10  per  cent i  liter. 

Solut  dextrine  (1,000  grams  to  liter) f  Uter. 

Glycerine  of  28° -Arli^^r. 

Sal  caustic  soda  of  300 T>j  liter. 

Zinc  dust 25  grams. 

The  want  of  permanence  of  this  color  is  owing  to  the  ab-        Fixing  tbe 
^nce  of  mordant,  and  if  chrome  or  iron  in  the  form  of  salts 
^ot  precipitable  by  alkalies  are  added  the  color  is  rendered 
^^mparatively  "  fast.'' 

Alizarine  blue  reduced  by  stannite  of  soda  and  thickened 
^ith  dextrine  gives,  on  steaming,  a  violet  which  resists  well    The  violet  tint. 
^be  action  of  soap. 

This  body  may  also  be  fixed  upon  the  tissue  by  a  process 
^^laJogous  to  that  called  bleufaiencey  made  by  printing  rather  "Bine  faxenc«." 
*^€avilyand  passing  the  goods  alternately  through  a  reducing 
^Dd  an  alkaline  bath. 

The  real  value  of  alizarine  blue  consists  in  the  facility  of  vainnbie  qnai- 
^t«  application  to  the  tissue  by  the  process  of  steaming  and  blne.^      "*""* 
Its  soliditS.    These  qualities,  if  it  were  not  for  its  very  high 
Price  at  present  ($1  per  pound  of  the  10  per  cent,  paste), 
places  it  at  once  in  a  superior  position  to  ultramarine  and 
indigo. 

The  best  mordants  are  ferrocyanide  of  potassium  or  am-  Mordants, 
iiionium  and  acetate  of  chromium,  which  give  fast  colors 
^>ut  a  blue  slightly  purplish.  The  addition  of  acetate  of 
Kflie  to  the  paste  to  turn  the  tint  towards  greenish  blue  is 
Qot  attended  with  advantage.  The  color  is  purer,  but  it  has 
DO  brilliance  or  "  vivacit6.'^    M.  Dupuy  employs  acetate  of 
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AiizaHnebiM.  chromlain  and  chloride  of  calcium  concurrently.      It  has^ 
Prud'h^mS"  *  ^^^  found,  howevcr,  that  chloride  of  magnesium  serves  su 

better  purpose  than  the  latter,  and  the  following  color  is. 

recommended  : 

Compoundizig  Thickening 250  grams. 

the  color.  Alizarine  blue  of  10  per  cent .*.     50  grams. 

Acetate  of  chromium  of  10  per  cent 16  cubic  centimeters. 

Chloride  of  magnesium  of  10  per  cent 16  cubic  centimeters. 

Ferrocyanide  of  potassium  of  10  per  cent 8  cubic  centlmetera. 

Glycerine 32  cubic  oentimeteia. 

Thickening.        The  thickening  is  composed  as  follows : 

Water 3  liters. 

White  starch 125  grams. 

Lightly  roasted  starch 375  grams. 

Olive  oil 150  grams. 

Mix  and  boil  for  one  hour  over  a  very  gentle  fire. 

PrinthiK.  The  color  is  printed  on  the  tissue  prepared  with  a  moder- 

ately strong  sulpholeic  acid  solution  (1  part  to  20  to  30  of 

steaming.  watcr),  a  couditiou  essential  to  success.  The  steaming 
should  have  one  and  a  half  to  two  hours,  and  the  washing 
and  soaping  at  5(P  G.  should  last  20  minutes.  The  goods 
should  then  be  passed  through  a  boiling  bath  of  lime  con- 
taining 1  gram  of  quicklime  to  the  liter  of  water,  which 
serves  to  communicate  a  greenish  tint  on  account  of  the  for- 
mation of  a  calcareous  lake.    Afterwards  it  is  to  be  well 

WMhing.  soaped  and  washed  in  boiling  water,  this  treatment  bring- 
ing out  the  rolor  to  a  pure  blue.  Baryta  and  strontia  pro- 
duce the  same  effect  on  anthracene  blue  as  lime  does. 

The  color  produced  by  this  substance  applied  as  described 
resists  chlorine  and  light  in  a  great  degree,  the  only  change 
observed  being  the  disposition  to  turn  grayish  under  the  in- 
fluence of  light,  but  it  possesses  a  resistance  comparable  to 
that  of  indigo  cuv6. 


PharmateuHeai  PHARMACEUTICAL  PREPARATIONS,  ESSENTIAL 
pr^^ratians,      ^^^^  DRUGS,  AND  RAW  MATERIALS  FOR  PH AR- 

MACY,  ETC. 

AUBTRIA.  AUSTKIA. 


Monfalcone. 


The  chemical  and  pharmaceutical  arts  are  in  quite  an  ad- 
vanced state  in  Austria,  and  have  their  principal  seats  of 
Famagaiii,  productiou  in  and  around  the  capital.  G.  B.  Fumagalli,  of 
Monfalcone,  exhibited  some  pharmaceutical  specialities, 
among  which  were  a  dentifrice  called  anathiriney  colorless 
cod-liver  oil  "freed  from  stearine,''  etc. 
Grohs,  Vienna.  F.  A.  Grohs,  of  Vicuna,  had  a  collection  of  nasal  bougies, 
vaginal  pessaries,  and  suppositories,  which  consist  of  gela- 


CHEMICAL   PROCESSES:    COMMISSIONER   JENKINS  109 

tine  impregnated  with  various  therapeutic  agents.    He  also      AUBTrnx. 
showed  oval  and  globular  shaped  masses  of  soft  gelatine,  Pharmaceutical 
properly  medicated,  for  treating  diseases  of  the  ear.    This   ^'^^^^^*^^- 
mode  of  applying  medicines  has  attracted  considerable  at- 
tention, and.  the  products  of  this  house  are  held  in  high 
esteem. 

Jos.  Lehmann,  of  Brilnn,  showed  fine  dried  herbs  and    .     Lehmazm, 
preparations  made  from  them.    He  carries  on  a  large  indus- 
try, exporting  great  quantities  to  various  parts  of  the  world. 

W.  Franz  &  Co.,  of  Vienna,  are  a  large  general  drug  and      Fran/,  a,  Co., 
chemical  firm  and  warehousemen,  employing  about  60  work- 
men, and  do  a  large  export  business  in  drugs,  chemicals, 
essential  oils,  prepared  herbs,  and  extracts. 

Paul  Bocca,  of  Triest,  exhibited  pills  and  other  pharma-    Rocca.  Trieste, 
ceatical  preparations. 

J.F.  Eral,  of  Olmutz,  had  some  metallic  saccharates  and    Krai,  oimntz. 
liquid  metallic  soai>s« 

Essences,  ethereal  oils,  and  artificial  fruit  and  liquor  fia-  ^'j^'*  <^' 
vers  were  shown  in  abundance  by  Austrian  exhibitors,  and 
the  specimens  contributed  by  soap  makers  and  perfumers 
give  evidence  that  Vienna  is  a  strong  competitor  of  Paris 
in  the  production  of  toilet  articles. 

J.  Pollak,  of  Vienna,  had  a  handsome  collection  of  fruit  PoUak,  vienim. 
essences. 

F.  Klepetar  &  Go.  exhibited  a  fine  selection  of  natural  iciepetar  &  co. 
and  artificial  essential  oils  and  fruit  essences,  among  which 
were  two  kinds  of  oil  of  fennel,  one  called  oleum  fosniculi 
»«<ttr.,  described  as  being  obtained  by  redistillation  of  the 
<^mde  oil  to  separate  it  from  the  other,  which  is  styled  oleum  ous  of  fennel 
oa/JietiK  stearopt  The  latter  heavier  oil  is  said  to  correspond 
ui  softness  of  flavor  and  specific  gravity  to  oil  of  anise, 
^hile  it  is  much  lower  in  price.  The  oleum  millefolii  has  an 
intense  blue  color  like  that  of  Qerman  chamomile  and  is  said 
to  be  substituted  for  the  latter,  which  is  very  much  higher 
in  price  than  the  former. 

Bnssia-leather  essence  (oil  of  birch)  was  shown,  as  well   ou  of  biroh. 
^  artificial  oil  of  mustard  (allyl  isosulphocyanate),  various 
^^mpoonds  for  the  preparation  of  factitious  liquors,  and  a 
^68  of  artificial  fruit  essences. 

Haas  &  Bosenfehl,  of  Graya,  Moravia,  contributed  similar  hsm  &  RoMn. 
preparations.  This  house  states  that  their  production  of'^^'^^*^ 
oil  of  anise  from  native  seeds  was  in  1877  5,000  kilos,  of  oil 
of  fennel  3,500  kiloR,  1,100  kilos  of  oil  of  carraway,  etc. 
Iliey  also  preserve  large  quantities  of  fruit  juices  pressed 
from  the  ripe  fruits  grown  in  the  neighborhood.  Experi- 
nients  made  on  a  sufficient  scale  and  for  some  time  have 
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^^^i^'      demonstrated  to  Messrs.  Haas  &  Bosenfeld  that  bisulphide 
Enmees,  oiii,  of  carboD  caoiiot  be  successfully  used  for  the  extraction  of 
Haas  sc  Rosen,  csscntial  oils  firom  plants.    A  considerable  loss  of  the  men- 
^use  of  bisui.  stmum  is  sustained;  the  same  portion  of  it  can  only  be  used 
p  1  eo  car  n.  ^^^  extracting  the  same  oils,  since  the  solvent  cannot  be  en- 
tirely freed  from  the  oil  it  is  used  to  extract;  and  finally  it 
was  found  that  oils  extracted  by  its  means  always  possessed 
the  disagreeable  odor  of  the  menstruum. 
Miuier  Bros.,     MtLller  Bros.,  of  Briinn,  exhibited  essential  oils  in  consid- 

erable  variety. 
norowitB&co.,     Horowitz  &  Co.,  also  of  Briinn,  with  a  house  in  Vienna, 
showed  a  fine  collection,  consisting  chiefly  of  essential  oils, 
ethers,  tinctures,  and  malt  for  brewers. 
Moritz,  Low,     Moritz  Low,  of  Hussowitz,  and  Sal  Schmidl,  of  Misslitz, 
Sal  sciunidi,  Moravia,  both  large  producers  of  essential  oils,  were  well 
represented  in  the  Austrian  section.    The  latter  firm  was 
about  the  first  producer  in  Austria  of  this  class  of  products 
for  exportation,  and  the  high  repute  gained  in  the  earlier 
days  of  its  existence  is  maintained.    The  amount  of  oil  ot 
carraway  made  by  this  fabricant  is  enormous,  for  he  under- 
carraway  ou-  takcs  to  supply  "tourtcaux  dc  carvi''  (carraway  oil-cake)  in 
any  quantity  for  the  fattening  of  swine,  for  which  purpose 
it  has  been  found  to  be  wholesome  and  well  adapted.    It 
would  be  interesting  to  know  if  swine  thus  fattened  yield  a 
I)eculiarly  flavored  pork. 
uebcrbachor,     P.  Uebcrbacher,   of  Bozen,  Tyrol,    sent  carraway  oil, 
^^'  water,  and  liqueur  made  from  the  "  wild  ^  plant.    In  his  col- 

lection were  also  found  fine  specimens  of  mountain  honey, 
Alpine  butter,  beautiful  Venice  turpentine  pitch  for  brewers, 
etc. 
Demaitini,     J.  Dcmartiui,  of  Prague,  contributed  purified  wax  and 
Prague.  ^^^^  poplar  buds  and  fats  impregnated  with  their  preserva- 

tive principle,  and    rose-water  distilled  firom    Bohemian 
roses. 
Pong^tz,  Son,     E.  Poiigr^tz,  Sou,  &  Go.,  of  Biala,  Silesia,  exhibited  es- 

sences. 
Prochaska.         F.  Prochaska  showed  peifumes  and  toilet  soaps, 
caiderara  &     Caldcrara  &  Blankmann,  among  other  excellent  and  hand- 
some perfumes  and  toilet  articles,  showed  a  series  of  articles 
Soaps,  extracts,  dcstiucd  for  toilct  usc,  such  as  soaps,  handkerchief  extracts, 
®^'  toilet  >TLnegar,  cold  cream,  pomade,  dentifirice,  etc.,  impreg- 

nated with  the  essence  of  mugho  pine,  which  not  only  com- 
municates an  agreeable  odor,  but  at  the  same  time  it  fur- 
nishes (according  to  Professor  Kletzinski)  by  its  oxidation  a 
certain  quantity  of  ozone,  which  serves  as  a  disinfectant., 
antiseptic,  and  refreshing  agent  of  no  mean  power. 
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Gottlieb  Taussig,  of  Vienna,  made  a  remarkably  pretty      austbia. 
display  of  fine  perfumery  and  toilet  articles,  among  which  ^^J|^^}^  *^' 
his  glycerine  soap  and  hard  soaps,  molded  and  colored  in  TauMiij,vienna. 
imitation  of  fruits,  lockets,  etc.,  were  especially  worthy  of 
note. 

The  great  factory  of  Sarg,  Son,  &  Co.  exhibited  pure  gly-    sarg,  son,  & 
cerioe  and  fine  soaps.    This  is  one  of  the  most  important   Glycerine  and 
manufactories  in  Austria,  and  ranks  among  the  first  in  Eu-  **^^** 
rope.   It  was  founded  by  A.  de  Milly,  in  1834,  and  was 
transferred  to  F.  A.  Sarg  in  1858.    The  first  glycerine  was 
dis^led  on  the  Continent  at  this  establishment  in  1868,  and 
crystallized  glycerine  was  here  prepared  in  1872. 

A.  Rosier,  of  Aussig,  exhibited  camphor  from  the  only   BSsior,  Aassig. 
refinery  of  this  product  in  the  empire.    The  establishment,      ""p^**''- 
founded  in  1877,  refines  about  100,000  kilos  annually,  and 
supplies  the  demand  for  that  article  throughout  Austria  and 
exports  considerable  quantities.    The  quality  appears  to  be 
very  good. 

Natural  and  artificial  mineral  waters  were  exhibited  by  Mineral  waten. 
many  establishments,  of  which  there  are  about  80  in  the 
empire. 

BELGIUM.  BELGIUM. 

Belgium  sent  very  little  to  the  Exposition  that  was  of  in- 
terest in  a  pharmaceutical  x>oint  of  view.  Three  or  four 
firms  sent  specimens  of  hops,  which  were  of  good  quality. 

L.  Com^lis,  of  Diest,  exhibited   bottles  provided  with   ComAiie,  i>ie«t. 
<lesiccating  stoppers,  in  which  objects  of  every  description       Deadcating 
may  be  indefinitely  preserved  in  a  state  of  absolute  dryness.  *  ^^^' 
The  flowers  and  other  parts  of  plants  which  he  had  placed  in  ^  ^  Preservation 

11  .«  i,..i  of  flowers,  odors, 

tnese  l)ottle8  were  put  there  m  18^4,  and  to-day  it  is  almost  etc. 
mipossible  to  distinguish  them  from  those  freshly  cut.  The 
device  is  perfectly  successful  for  the  purpose  intended.  The 
color  and  odors  of  the  powdered  drugs  he  exhibited  are  so 
^ell  preserved  that  nothing  is  left  to  be  desired.  There  were 
^veral  small  exhibits  of  pharmaceutical  preparations,  which 
io  not  call  for  special  note. 

CHINA.  CHINA. 


China  exhibited  drugs  and  pharmaceutical  pi'eparations    Drugg, 
from  sixteen  cities.    The  whole  number  of  specimens  enu- 
merated in  its  official  catalogue  as  sent  for  display  is  900, 
*Dd  these  consist  mainly  of  vegetable  substances,  for  the 
Chinese  seldom  employ  mineral  remedies,  and  their  thera-    vegetable 
Pcutic  repertoire  is  almost  wholly  derived  from  the  vegeta-  ^  •^^P'^^^^p^^y 
We  kingdom.    The  number  of  plants  employed  in  the  treat- 
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CHINA. 


_  ment  of  the  sick  is  immense.    It  may  be  said  tiiat  alma 

every  plaut  known  in  China,  together  with  many  obtainc 

from  other  countries,  are  used  as  medicaments.    They  hai 

A    Biont   for  a  Separate  plant  for  every  disease,  and  probably  for  evei 

^mptom.***^  *°  symptom.    They  also  use  several  animal  substances  for  tl 

same  purpose ;  for  example,  the  gall  of  the  bear,  horns  of  tl 
Animal  sub-  buck,  gelatine  from  the  skin  of  the  Shantung  ass,  ambe 

dies.  gris,  bezoars  of  ruminants,  which  sell  for  their  weight 

gold,  the  bones,  moustaches,  and  claws  of  the  tiger — all 
which  are  held  in  the  highest  esteem  as  therapeutic  agent 
Substances  of  the  dirtiest  and  most  disgusting  nature  a 
employed  by  them,  one  of  which  is  a  preparation  presentii 
the  appearace  of  button  shellac.  It  is  obtained  by  puttii 
frogs  (toads  f)  in  a  jar  containing  flour  and  irritating  the 
with  a  stick ;  the  secretion  which  exudes  from  their  skin 
under  these  painfril  circumstances,  makes  the  flour  stick 
and  it  agglutinates  into  a  proper  mass  to  be  made  up  in 
the  cakes  above  mentioned  for  use  in  medicine.  The  exhi 
its  are  well  preserved  and  carefully  labeled — ^in  Chinese  cha 
acters. 

CANADA.  OANADA. 


J.  Davids. 
Lyroon  Bros. 


The  Dominion  of  Canada  was  not  well  represented 
Class  47.    The  few  exhibits  in  this  section,  however,  we 
very  creditable  to  the  chemists  and  pharmacists  who  ma( 
them. 

J.  Davids,  Toronto,  exhibited  chemical  products. 

Lyman  Bros.,  Toronto,  sent  a  handsome  collection  of  pha 
maceutical  preparations  and  chemicals, 
w.  Saunders.       W.  Sauudcrs,  Loudou,  Ontario,  made  a  fine  show  of  flu 
extracts  of  medicinal  plants  and  crude  drugs.  ' 

H.  J.  Bose,  Toronto,  contributed  chemical  products, 
fine  collection  of  the  indigenous  plants  of  Canada  were  ban 
somely  exhibited. 

DENMABK. 


H.  J.  Rose. 


DBMIARK. 


FBAKCX. 


Etops. 


This  country  did  not  show  anything  of  interest  to  tl 
pharmaceutist. 

FRANCE. 

Many  of  the  French  exhibitors  had  erude  drugs  and  m 
ti^es  premieres  associated  with  their  pharmaceutical  prep 
rations,  but  these  specimens  were  mainly  derivexl  from  tl 
French  colonies,  whose  contributions  of  raw  materiiU  of  i 
most  every  description  and  for  nearly  every  art  and  indu 
try  were  large,  varied,  and  of  great  interest.  The  moth 
country  displayed  little  else  of  her  own  production  than  tl 
few  following :  Hops,  of  which  she  produces  4,400,000  kil 
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perannum;  oliveoil, 24,223,801  kilos, valuedat37,791,G61fr.;       ^'^^^' 

resin  (1874),  29,395,417  kilos,  valaed  at  7^  millions  of  francs.    Hopn^oiive  on, 

Tan  bark  of  French  production,  wLich  is  held  in  very  high    tuu  bark. 

esteem  not  only  in  France  bat  iu  other  European  countries, 

was  exported  in  1876  in  the  quantity  of  over  57  millions  of 

kilos,  and  valued  at  nearly  15  million  francs.    Madder,  saf-  ff^n^JS^'^'  *^' 

froa,  and  woad  are  the  principal  dye-stuffs  grown  in  France, 

and  their  culture  in  1874  occupied  a  superficies  of  10,900 

hectares.    Since  the  discovery  of  an  economical  process  for 

tiie  manufacture  of  artificial  alizarine  the  cultivation  of  the 

madder  plant  has  been  almost  entirely  abandoned.    Honey  Boncyondwux. 

and  wax  were  produced  in  1874,  the  former  in  the  quantity 

of  9,851,496  kUos,  of  the  value  of  14,358,827  fr.,  the  latter 

in  2,562,570  kilos,   valued  at    7,177,087   fr.    Besides  the 

liops  produced  at  home,  France  consumed  foreign  hops  to 

the  value  of  about  14  millions  of  francs. 

A  number  of  most  admirable  specimens  of  dried  vegeta-    nrfod  vetf»?t»- 
bles,  for  use  in  medicine,  were  exhibited  in  this  section,  and 
the  exhibits  of  corks  and  cork  wood  and  of  sponges  were 
truly  magnificent.    Whole  cork  trees  were  placed  in  the    Cork, 
galleries,  and  sponges  in  situ  were  shown,  some  attached  to    spctoges. 
old  vases  and  jugs,  others  to  coral  and  shells,  stones,  and 
other  objects,  which  rendered  this  collection  doubly  inter- 
esting and  instructive.    Some  of  them  had  been  preserved 
in  liquid  before  the  soft  animal  matter  had  been  removed, 
hi  which  condition  their  appearance  was  anything  but  at- 
tractive.   France  imported  sponges  in  the  year  1876  to  the 
amount  of  257,878  kilos,  of  which  about  two-thirds  were 
»i8ed  in  the  country  and  one-third  exported. 

The  cork  industry  in  France  appears  to  be  increasing  cork  industry, 
very  much,  for  the  importations  of  bark  have  risen  since 
185(5  fix)m  257,000  to  2,940,000. fr.  iu  187(>,  and  the  manu- 
»lacture  of  corks  is  said  to  occupy  the  population  of  about 
forty  parishes.  Formerly  a  workman  could  make  only 
1»200  to  1,500  corks  per  day,  but  since  the  introduction  of 
<»rk-cutting  machinery  4,000  to  G,000  may  be  produced,  ac-  cork machinery. 
<»rding  to  size  required.  The  various  applications  of  this 
valuable  material  to  its  manifold  uses  are  well  and  hand- 
somely represented  by  several  firms.  Cork  cutting  by  hand 
^d  by  machine  was  carried  on  in  and  around  the  buildings 
in  the  neighborhood  of  the  Algerian  house  on  the  slope  of 
the  Trocad^ro. 

The  manufacture  of  pharmaceutical  preparations  has  as-   pharMaesutwti 
8umed  large  proportions,   and  the   products  figure  to  no'^''^"^'*' 
^ght  extent  in  the  tables  of  exports.    The  annual  value  of   Annual  vahio. 
^e  pharmaceutical  products  is  estimated  at  $14,000,000, 
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KKANCE^ and  the  manufactures  are  based  chiefly  on  crude  mat 

PharwoMuticai  imj^orted  from  abroad.    Pharmaceutical  specialties  an 
^^^  ^  '  ported  to  the  value  of  $1,900,000.    The  importation  amo 

to  but  $76,000.    The  general  tendency  of  tlie  pharmaceu 
establishments  is  more  and  more  to  confine  themselves 

Specialities,  to  the  manufacture  of  a  few  certain  specialities  on  a  1 
scale.    The  constantly  growing  interests  centered  in  the  i 

Perfumes.  ufactorics  of  pcrfuuies  at  Paris  have  given  a  pow( 
impetus  to  several  branches  of  industry,  such  as  flower  f 
ing,  the  preparation  of  essential  oils,  the  finer  oils,  and 
etc.  The  exhibition  was  imposing  in  its  extent  and  tas 
arrangement,  and  was  admirably  supplemented  by 
enormous  and  finely  classified  exhibit  of  native  prod 
from  the  French  colonies.    One  of  the  most  extensive 

Mineral  water*,  complete  displays  was  that  of  the  French  mineral  wi 
in  a  special  pavilion.  Forty-five  departments  in  Fr 
possess  mineral  waters,  and  the  107  leading  springs  yi( 
daily  supply  of  63,000,000  liters,  divided  as  follows,  ac< 
ing  to  their  leading  constituents : 

Litei 

Character  of  Sulphur  spriugs 23, 37 

BpnngR.  Carbonic  acid 16, 14 

Chlorides 13, 0£ 

Sulphates 10,  Oi 

Iron 3^ 


63,  OC 


Hi^h  character     The  pharmaceutical  preparations  exhibited  in  the  Fr 

of    the     Frencli  .*^  ,.,  •»-,-,    ^^  ^ 

phannaconticai  section  prescutcd  a  fiuc  appcaraucc  and  lead  the  obs< 
to  place  a  high  estimate  on  their  claims  for  great  distinc 
and  although  some  exhibitors  may  have  enhanced  th 
parent  value  of  their  products  by  meretricious  means, 
many  of  them  give  evidence  of  the  considerable  proj 
Elegant  phar- that  is  bciug  made  in  the  practice  of  "elegant  pharm 
This  art  is  not  altogether  unknown  in  our  country,  t^ 
it  is  looked  on  by  the  progressive  party  as  an  evidence 
steady  progress  in  pharmacy,  and  it  is  hailed  alike  by 
tor,  apothecary,  and  patient ;  yet  it  appears  that  this  ] 
ress  must  be  had  by  the  withdrawal  of  the  manufacti 
processes  more  and  more  from  the  hands  of  the  apothe 
and  bring  him  ultimately  down  to  the  level  of  the 
retailer  of  articles  made  by  others.  There  can  be  no  d 
that  pharmaceutical  prepfirations,  like  other  produc 
manufacturing  industry,  may  be  produced  by  means  of  i 
rior  apparatus  and  special  skill,  acquired  in  the  constam 
formance  of  a  few  operations,  of  better  quality,  more  si| 
appearance,  and  at  gieatly  reduced  prices,  than  ca 
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toroed  out  in  the  old  ^ay.    Apropos  of  this  subject,  the      gRAwcK. 
"London  Pharmaceutical  Journal  and  Transactions"  says: 

"Recognizing  the  extent  to  which  this  class  of  busiDess  [r.  ferriug  to     jjiegant    phap- 
the  growth  of  'elegant  phannacy ']  has  developed  in  the  last  few  years,  macy. 
the  inqniry  naturally  arises  whether  the  time  is  not  coming  when  the 
practice  of  dispensing  by  the  pharmacist  will  become  exceptional  and       Tendency  to 
when  his  ordinary  occupation  will  be  the  simple  retailing  of  already  aT^oniin^g       of 
compounded  medicines.    If  this  be  found  to  accord  with  the  public  drucs   by  phar. 
good  aud  public  convenience,  there  will  be  little  use  in  protesting  against 
k  or  lamenting  over  it,  and  the  pharmacist  would  no  doubt  ^how  his 
hosinesB  skill  by  accommodating  himself  to  the  altered  circumstances. 
But  theGre  is  one  consideration  that  will  have  always  to  be  l>ome  in 
mind,  important  alike  to  the  medical  man,  pharmacist,  and  patient,  and 
that  is,  the  dependence  of  the  reputation  of  the  two  former  and  the 
health  of  the  latter  upon  these  articles  being  truly  what  they  are 
represented  to  bo.     There  is  no  intention  to  suggest  any  imputation, 
hnt  simply  to  record  a  note  of  warning,  in  recalling  the  fact  that  four 
years  ago  a  committee  reported  to  the  American  Pharmaceutical  Asso- 
ciation that  competition  had  so  far  developed  the  art  of  elegant  phar- 
inacyin  the  UnitedStates  that  notonly  the  physical  charactersoftasteand       Tendency  to 
«nel]  of  powerful  drugs,  but  the  actual  presence  of  the  drugs  themselves,  fraud  in  the  preu- 
in  some  preparations  examined,  had  defied  detection.    Such  a  x>o^i-  S^*w"  **" 
hility  will  always  help  to  make  the  new  system  somewhat  repugnant 
to  the  instincts  of  the  true  pharmacist,  notwithstanding  some  undoubted 
advantages  it  presents,  so  that  although  he  may  guard  himself  as  much 
u  possible  by  dealing  only  with  makers  of  established  reputation,  and 
Stringing  his  scientific  skill  to  bear  in  testing  the  honesty  of  their  prepa* 
'^tions,  his  feelings  will  still  often  be  expressed  by  the  couplet — 

"^The  reason  why  I  cannot  tell, 
I  do  not  like  thee,  Dr.  Fell.' 

"However  the  caust^s  may  be  explained,  and  whatever  may  be  the 
^-'onseqaence,  a  visit  to  the  pharmaceutical  courts  of  the  present  Exhi- 
bition in  Paris  makes  manifest  two  facts  of  great  importance  in  relation 
^^  the  future  of  pharmacy,  and  these  are  the  marked  tendency  in  the 
P^^aent  day  to  the  accumulation  of  the  preparation  of  medicine  in  the 
^^nds  of  fewer  persons,  and  of  these,  unfortunately,  taking  into  con- 
federation the  large  class  of  proprietary  medicines,  a  considerable  pro-         Proprietary 
P<>rtion  have  no  pretensions  to  the  name  of  pharmacist." 

The  cultivation  of  flowers  and  the  extraction  of  their  oils     Flower  farms 
^or  the  manufacture  of  perfumes  have  long  ago  rendered  *°*  ^*'  ""''^* 
^^rance  famous,  where  thia  industry  has  almost  been  elevated 
^o  the  position  of  one  of  the  fine  arts. 

Handsome  exhibits  were  made  by  the  houses  of  Chiris,    ^^^^i™* 
Lautier  Fils,  Roure-Bertrand  Fils,  and  Court,  all  of  which  Roure-BortTand 

fils 

^*^  from   Grasse,  and  whose  exhibits  consist  mainly  of   donrt, 

Promades  saturated  with  the  odorous  principles  of  flowers,  Mantfmwl,    ^' 

^or  use  as  matieres  premises  for  the  manufacturer  of  per- 

ftimes  aud  other  toilet  articles,  an  industry  of  great  mag- 

^tude,  which  has  its  principal  seat  at  Paris.    The  impor- 

^nce  of  this  industry  may  be  infefrrcd  from  the  following 

statistics :  During  the  first  20  years  of  the  present  century 
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_  ^^^^ the  annual  production  of  perfumer's  articles  amounted 

Fiaiver  farms  4,000,000  fr. ;    the  business  increased  to  1866,  when  t 

perumery,   ^^p^^^g  amouutcd  to   16,000,000  fr.  aud  the  home  C4 

sumption    to   10,000,000   fr.   more;    in   1876   the   expo 

were   17,000,000    fr.      England    is    the    largest   custon 

France  has  for  this  class  ot  products,  and  the  follow! 

Exports.  countries,  in  the  order  in  which  they  are  named,  take  ran 
Belgium,  Spanish  America,  Brazil,  Germany ,  United  Stat 
etc. 

Hanart,  Anzin.  E.  A.  Hauart,  of  Auziu,  showed  very  superior  oils  fix 
labiate  plants ;  he  describes  the  cultivation  of  peppermii 

Peppermint  oil.  and  the  manufacture  of  the  oil.  The  plant  is  harvested 
full  sunshine  during  the  month  of  May,  put  up  in  htt 
shocks,  and  allowed  to  remain  in  the  field  for  several  day 
It  is  then  brought  in,  carefully  freed  from  all  foreign  hert 
and  the  entire  plants  are  placed  in  the  stills,  which  a 
about  66  gallons,  capacity,  and  heated  by  steam  circulatli 
around  a  jacket  and  through  spirals.    To  avoid  the  produ 

Diatuiatiou.     tiou  of  an  hcrbaccous  taste,  the  distillation  is  carried  on 
rapidly  as  possible.    The  yield  is  zo^^^  P^rt  and  the  pro 
net,  which  has  a  greenish-fellow  color,  possesses  a  high 

Purification,  agrccablc  piquant  odor.  The  crude  oil  is  purified  by  sevei 
washings  with  cold  water,  and  by  exposure  to  the  air  di 

Rectification,  j^g  gome  wccks  in  a  cool,  dark  phice.  After  this  it  is  rec 
fied  and  kept  in  bottles  secluded  from  air  and  light  for  soi 
years  before  being  oflfered  for  sale,  when  it  is  said  to  rtv 
the  celebrated  English  oil  both  as  to  quality  and  in  price. 

« 

Kobertet,  Paris.     The  housc  of  Robcrtct,  of  Paris,  sent  a  specimen  of  solid  ( 

chCT^°'  ^  ^°"  ^^  roses.    That  of  Saujot  &  Foucher,  also  of  Paris,  show< 

Ronre-Beitrand  a  fine  spccimeu  of  concrctc  oil  of  orris.    Roure-Bertrai 

**''*  Fils  exhibited  vaseline  as  a  vehicle  for  odors,  and  Chard 

gii^o*^^*"^^'^**"  ^  Massignon,  of  Paris,  have  applied  paraffine  to  the  saw 

l)urpose.    There   were  upwards  of  a  hundred  exhibits 
l)erfumes  and  kindred  articles  from  Paris,  and  they  all  bo 
the  appe^arance  of  finish  in  the  highest  style  of  the  art. 
Phannaceutisu.      Thc  pharmaccutists,  like  the  perfumers,  are  to  be  nui 
bered  by  hundreds,  and  they  nearly  all  make  ver^-  fine  ai 
diversified  displays  of  chemical  and  galenical  preparatioi 
but  many  exhibitors  have  specialties  in  their  vitrines,  t 
nature  and  qualities  of  which  can  only  be  guessed  at. 
Adrian  &  Co.,     The  housc  of  Adrian  &  Co.,  of  Paris,  established  in  18< 

Paris 

employs  120  operators,  who  manufacture  a  full  line  of  ve 
handsome  chemicals  for  pharmacy,  photography,  etc.  Th 
exhibited  resin  of  scammony  of  nearly  perfect  whiteness,  c 
ceedingly  beautiful  specimens  of  crystallized  digitaline,  dat 
rine,  atropine,  the  salts  of  pilocarpine,  etc.    The  establis 
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ment  is  a  model  pharmaceatical  laboratory,  provided  with       ''p-^^'^^- 
all  the  modem  appliances  for  the  economical  proparat  on  of  Pkannaceutitu. 
cbemicals,  pharmaceutical  products,  such  as  alkaloids  and 
their  salts,  chloroform,  ethers,  extracts,  powders,  pills,  oint-    Adiian  &  co. 
ments,  pastiles,  capsules,  apothecary's  confectionery,  etc. 
(t  has  attached  to  it  a  complete  laboratory  mounted  for    Laboratory, 
chemical  analysis  and  research,  which  is  open  to  members 
of  the  medical  and  pharmaceutical  professions.    There  is 
another  feature  connected  with  this  manufactory  which  is 
of  great  convenience  and  advantage  to  the  pharmacists  of 
J^aris  and  its  environs.    Its  perfected  apparatus  and  ma- 
chinery are  placed  at  the  disposition  of  those  who  choose  to 
superintend  the  fabrication  of  their  own  preparations. 
Mouysset  and  Darasse  &  Co.,  of  Paris,  and  Grandval,  of  _      Monj-sRet? 

T>  '  "^  7        Darasae   Sc  Co.; 

Keims,  as  well  as  Adrian  &  Co.,  exhibited  extracts  made  by  Gnmdyai;  AUri- 

a  special  process.    They  present  a  light  color,  a  frothy, 

porous,  crispy  structure,  and  appear  to  be  dry  and  non-hy-    Non-hygro»co 

groscopic.    They  are  said  to  be  made  in  vacuo,  freed  from  extmcu. 

chlorophyll,  and  possess  the  therapeutical  qualities  of  their 

plants  in  a  high  degree.    Some  of  these  extracts  are  shown 

by  Darasse  dissolved  and  dried  on  glass  dishes,  on  which 

they  appear  transparent  like  varnish. 

Loret,  of  Sedan,  exhibited  extracts  prepared  from  fresh    ^"^«*'  ^^'^^^ 
narcotic  plants,  freed  entirely  from  such  matters  as  chloro- 
phyll, starch,  albumen,  and  fatty  matters ;  they  are  said  to 
be  very  permanent  and  thoroughly  reliable. 

Grandval  and  Mouysset  exhibited  saccharated  extracts   socchamtedcx. 
^hich,  when  diluted  with  a  proper  proportion  of  sirup, 
ft>xm  the  medicated  sirups  of  the  codex. 

Armet  de  Lisle  &  Co.,  of  Nogent-sur-Marne,  displayed  a    Peiietier. 
rge  collection  of  the  salts  of  cinchona  alkaloids.     This    cmchoTia  aik». 
*^^use  is  the  successor  of  Peiietier,  the  discoverer  of  quinine,  ^  ** 
^^id  the  products  made  by  it  sustain  the  highest  reputation, 
^^^e  amount  of  Peruvian  bark  worked  up  at  this  establish- 
-•^toent  is  said  to  exceed  1,000,000  kilos,  and  12,000  kilos  of 
^xilphate  of  quinine  are  extracted  annually,  10,000  of  which   soiphateot qui- 
re exported.    Other  manufacturers  of  quinine  and  its  salts" 
re  Taillandier,  of  Argenteuil,  near  Paris,  and  Dubosc  & 
.,  of  Paris,  who  showed  fine  specimens  of  their  products. 


morphons  quinine  was  contributed  by  Perret  and  by  Lim-        Amorphons 
^^nsiu,  of  Paris.     E.  Beau,  of  Alais,  had  a  case  containing 
Xpreparations  of  antimony,  and  B.  Bellat,  of  Eouen,  s®^^  ^t^^.^'^^^'Sn 
^^thers,  chloroform,  chloral,  tannin,  etc.    Phenol  and  its  de-  etc. 
^vatives  for  hypodermic  use  were  contributed  by  D^clat  &  ri^Jti^^l''"*^  ^"^ 
^o.^of  Paris.    Delpech  &  Co,  of  Paris,  showed  a  large  num- 
l^^r  of  preparations  of  cubebs  and  eucalyptus,  and  DesnoiXcai^^ws?"*^''"' 
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&  Co.,  of  Paris,  exhibited,  among  their  pharmaceutical  prei^ 
rations,  hematosine,  and  a  cross,  weighing  20  grains,  nuicl 
of  iron  extracted  from  blood.    Famouze  Frferes,  of  Pari 
along  with  their  famous  "  Vesicatoire  d'Albespeyre,  had^ 
fine  specimen  of  pure  cantharidinc,  and  the  Spanish  fly  p^:- 
served  for  ten  years  in  an  atmosphere  of  bisulphide  of  cs: 
bon.    A  number  of  compounds  of  cantharidinc,  with  tr 
alkalies  and  metallic  oxides,  were  also  exhibited  in  this  c; 
by  M.  Beguin,  who  also  prepares  a  plaster  having  ca<>  m^im  1 
chouc  for  its  basis. 

M.  Nattivelle,  who  first  produced  digitaline  in  a  cry stalli^  ^3^(i 
state,  exhibited  some  handsome  specimens;  and  M. 
quart,  the  successor  of  Homolle  &  Querenne,  besides  di 
taline  in  well-defined  crystals,  showed  a  capsule  coutaiai 
the  substance  in  an  amorphous  state,  bordered  by  a  friii 
of  feathery  crystals,  indicative  either  of  a  process  of  traa 
formation  or  that  there  are  really  two  bodies,  one  crystal 
lizable,  the  other  not,  and  that  the  former  is  crystalhzin 
out  from  a  mixture. 

Moreaux,  of  Anizy-leChateau,  exhibited  fine  specimen  -^^ 
of  atropine  and  daturine  and  their  salts,  and  some  broin 
hydrate  of  conicine.    Narceine  and  some  galenical  prepa 
rations  made  from  it  were  found  in  the  case  of  M.  Gigon,o 
Rue  Rambuteau,  Paris.    Montreuil  Frferes,  of  Clichy-la-Ga 
renne,  have  an  excellent  collection  of  drugs,  among  which 
a  calabash  of  curare,  specimen  of  curarin<^,  and  some  mag 
uificent  crystals  of  iodide  of  cadmium ;  and  Helain,  of  Paris 
a  large  assortment  of  powdered  drugs.    The  most  attract 
ive  displays  of  fine  chemicals  in  the  building  were  thos 
made  by  Billault  &  Billaudot. 

.  'C.  Hoffmann,  Dubosc  &  Co.,  and  Dorvault  &  Co.  (Pharma- 
cie  Centrale  de  France),  all  of  Paris:  The  firm  first  named 
had  an  exhibit  of  rare  and  beautiful  chemicals,  which  mer- 
ited .the  term  magnificent,  and  was,  perhaps,  the  finest  dis- 
play-  of  the  chemist's  art  which  has  ever  been  made.  An 
enthusiastic  chemist  has  described,  in  a  few  words,  this  chej"^ 
Wosuvre  of  the  French  section : 

'  *  The  bed  of  the  case  is  covered  with  crystallized  bismnth,  the  splendid. 
'  iridescence  of  which  demonstrates  that  the  secret  of  preparing  this  is 
not  lost,  as  has  been  reported.    Grouped  above  this  are  a  large  number 
of  beautiful  chemicals,  among  which  may  be  mentioued  crystallizoil 
glucose,  crystallized  dambonite  (caoutchouc  sugar),  and  crystallized 
mannite ;  leuciue  from  albumen,  tyrosine  from  fibrine,  and  alautine  from, 
fibrine,  in  white  crystalline  flakes.    Then  there  is  a  specimen  of  ery- 
thrite,  or  erythromannite,  in  transparent  crystals,  sparkling  like  sc^ 
many  diamonds,  and  another  in  wcU-formed  crystals  nearly  as  large  ai» 
a  man's  fist ;  also  sublimed  alizarine  in  needles  almost  an  inch  long,  anA- 
sublimed  indigatine  in  large  fine  crystals,  resembling  those  of  perman^ 
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ganate  of  potash.    Salphato  of  cadmium  appears  iu  woDdeifuliy  per-        puaxck. 

feet  large  white  rhombic  prisms,  and  is  accompanied  by  some  fine  iodide  pfiarmaeetUitU 

of  cadmimn ;  silicon  is  also  there  in  steel-gray  crystals.     But  one  of 

the  most  exquisite  collections  in  this  case  is  a  group  of  platino-cyanides,     C.  Hoffmaon. 

Dot  only  because  of  their  beautiful  appearance,  but  for  the  interesting 

iiiustration  they  afford  of  the  polymorphism  (polychroismf)  of  these 

compounds.    Then  the  yttrium  platino-cyanide  is  in  dichroic  red  and 

f^teen  crystals ;  whilst  the  potassium  platino-cyanide  forms  crystals  of  a 

rich  copper- bronze  color,  to  which  the  double  platino-cyanide  of  potas- 

siuni  and  sodium  afifords  a  vivid  contrast,  its  crystals  being  of  a  bright 

yellow  with  a  porplish  tinge.'' 

A  specialty  of  this  house  is  the  preparation  of  tannin,  of  'T"***"- 
which  they  manufactured,  by  improved  process  and  appa- 
ratus, in  J.876, 60,000  lbs.,  of  which  two-thirds  were  exported 
to  Eussia,  where  it  is  used  for  the  tanning  of  hides.  During 
the  same  period  it  produced  4,000  lbs.  of  gallic  acid,  more  Gallic  acid. 
than  one-half  of  which  was  consumed  in  the  preparation  of 
pyrogallic  acid. 

Chlorate  of  baryta  was  produced  in  the  amount  of  4,000^  ^orateof  b*- 
Ibs.    Ten  thousand  pounds  tartar-emetic  are  annually  pro-    Tartar  emetic. 
dnced.    Twenty  thousand  boxes  of  phosphide  of  calcium  ^^  cafcuim ^fo? 
w-ere  prepared  for  the  government  for  the  self-luminous  **f®*>^"'»>** 
safety  buoys  lately  introduced  into  the  French  marine  serv- 
ice. 

The  house  of  C.  Hoftmann  exhibited,  among  many  fine    Fine  cou»  ctiou 
8i)ecimen8  of  chemicals,  including  a  collection  of  the  rarer  Si8,aikSiu,™tc. 
nietals,  a  number  of  alkaloids  and  kindred  bodies  and  sev- 
eral synthetical  organic  products.    Worthy  of  mention  were 
noticed  ^serine  and  its  salts,  atropine,  digitaline,  an  im- 
"neuse  display  of  splendidly  crystallized  caffeine,  a  good 
show  of  morphine  salts  with  the  allied  bodies,  meconine, 
^^eine,  thebaine ;  also  paracotoin,  kamaline,  elaterine,  men- 
^spermine,  and  a  superb  specimen  of  what  is  rarely  seen, 
gamely,  white  crystallized  hyoscyamine ;   a  vase  contain- 
*^g  a  fascicle  of  long  cryiStals  of  phthalic  anhydride,  a  sub- 
stance recently  sprung  into  great  importance  as  a  factor  in 
^he  production  of  the  new  and  ravishing  resorcine  colors. 
^  interesting  collection  of  educts  and  products  derived 
^m  the  animal  secretions  were  among  the  collections  of 
^.  Hoffmann. 

The  Pharmacie  Gentrale  de  France  (Dorvault  &  Co.)  is    Dorvauit&co. 
Perhaps  the  most  extensive  manufactory  of  the  multitude 
^f  chemical  pharmaceutical  confectionery  and  semi-propri-  Pharmaceutical 
^tary  articles  used  by  apothecaries  in  France.    Formerly  it  ^^  ^  io°ary. 
^8d  its  sole  seat  in  the  city  of  Paris,  not  far  from  the  Hotel 
4©  Ville,  but  some  years  ago  the  company  purchased  the 
drug.powdering  mills  of  M.  Menier  (the  famous  chocolate 
^auafacturer),  at  St.  Denis,  and  have  extended  and  im- 


120  UNIVERSAL   EXPOSITION   AT   PARIS,  1878. 

^^xcE.       proved  the  property  until  it  is  to-day  a  very  large  and  thor- 

Pharmaeeutitu.  ougbly  equipped  chemical  works,  turning  out  annually  a 

large  and  varied  product  of  chemical  and  galenical  prepa- 

Dorvauit&co.  j^^iQjjQ^  Their  exhibit  consisted,  among  many  other  sub- 
stances, of  a  jar  of  a  hundredweight  or  so  of  large  and 

strychnine,  baudsomc  crystals  of  strychnine ;  a  half  a  hundredweight 
of  hydrate  of  chloral  in  the  form  of  a  sphere;  specimens  of 

Litwum!*"^*'    rare  metals,  lithium  for  example;  a  good  specimen  of  hera- 

Aikoioida.  pathite;  racemic  acid;  alkaloids  and  their  salts,  such  as 
quinine,  pilocarpine,  igasurine,  atropine,  jalap,  and  scam- 
mony  resins  nearly  free  from  color. 

DcLaire  &  Co.     j)g  Lairc  &  Co.  exhibited  an  interesting  specimen  of  arti- 

vaniUine.  fieial  vanilliue,  prepared  synthetically,  which  diffused  its 
grateful  odor  for  some  distance  around.  They  ha<l  also 
sugar  aromatized  with  it  and  a  preparation  styled  '^dragees 
&  la  vanillineP  The  method  of  preparing  this  body  will 
be  described  in  another  place ;  but  it  may  be  noticed  here 
that  Haas  &  Eosenfeld,  manufacturers  on  a  large  scale  of 
essential  oils  and  artificial  flavoring  essences,  have  stated,  as 
the  result  of  their  experience,  that  artificial  vanilline  is 
quite  useless  in  the  flavoring  of  liqueurs,  etc.,  but  that  it  may 
find  its  place  as  an  odor  in  the  art  of  perfumery. 

E.  Ferret.  jj^  Perrct,  Paris,  showed  pepsin  and  pancreatine  prepara- 

Pep8ine,etc.  tious,  diasta^c,  bromidc  of  camphor,  and  crude  quininm 
from  Losca  bark, 
^lugaud  sc  Du-  Rigj^ud  &  Dusart,  successors  of  Grimault  &  Co.,  ani  man- 
ufacturers of  a  number  of  specialties  in  the  way  of  elegant 
pharmaceutical  preparations,  which  have  obtained  a  large 
share  of  public  patronage  in  various  countries.  The  fab- 
rique  gives  employment  to  150  operatives  and  turns  out 

Production,  .annually  3,000,000  francs'  worth  of  produce.  They  exhibited 
iijM,^J?rop8  ^^^  handsome  perleSj  capsules,  pills,  pastiles,  dragSeSj  gran- 
■enci'B.  ^^]gg^  sirups,  €88enc€8  de  matico^  and  de  holdOj  de  santal^ 

de  saesafrasy  etc. ;  the  distillations  of  the  essences  beiu^ 
eifected  by  a  new  process,  in  which  a  '•  double  current  of 
steam  ^  is  claimed  to  give  much  better  results  than  has  here- 
tofore been  obtained.  They  had  also  in  their  vitrine  canna- 
cTeaTin^twc.^'^!^^?  guarauiue,  etc.,  as  well  as  pepsin  and  pancreatine 

preparations.    Theii*  wares  are  characterized  by  great  neat- 
ness, taste,  and  finish  of  their  envelopes.    Methylic,  amylic, 

chionja.  ethylic  chlorals  and  Lecont^s  alcoholate  of  chloral  were 
shown  by  this  house,  and  propylic  chloral  was  exhibited  by 
M.  Torchon,  of  Paris,  who  had  some  singular  specimens 
amongst  his  chemicals ;  they  were  a  rat  and  a  cock  preserved 
since  1871  by  the  antiseptic  power  of  a  ten  per  cent  solu- 
tion of  chloral  injected  into  their  veins. 
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Schlnmberger  &  Cerckel  were  among  the  few  who  exhib-      ''»^^''" 
ited  specimens  of  the  highly  praised  salicylic  acid  and  its  PharmoMuUtu. 
many  preparations  5  numerous  compounds  were  shown,  such     schimnberger 
as  the  pure  acid  in  the  amorphous  form,  as  well  as  in  a  crys- 
tallized and  sublimed  state,  and  its  salts  with  potassium,  ^^yJJo«cid 
ammoniam,  zinc,  magnesium,  lithium,  quinine,  morphine, 
copper^  and  lead.    The  lithium  salt  is  said  to  be  quite  effi- 
cacious in  the  treatment  of  some  forms  of  rheumatism,  gout, 
and  calculous  diseases. 

Poulenc  &  Wittmann,  Paris,  had  a  fine  display  of  per-  ^^^^^^*^^  ^ 
manganate  of  potassa  in  very  large  and  long  crystals; 
lactates,  formates,  nitro-prusside  of  sodium,  iodine,  glycer- 
ine, and  many  other  handsome  chemicals  used  in  pharmacy. 

Querenne's  iron  was  shown  by  M.  Bloquart,  in  the  form  of  Bioquart. 
a  very  fine,  light,  slate-gray  powder,  absolutely  free  from  Querenne'sinm. 
snlphur,  which  was  evidenced  by  the  non-coloration  of  lead 
water  by  a  stream  of  gas,  produced  by  the  action  of  diluted 
hydrochloric  acid  on  a  portion  of  the  reduced  iron,  and 
passed  through  the  solution  of  lead  salt. 

Fer  hSmaiique  Michel^  consisting  of  a  phosphate  of  iron    Fer  jumaHqus 
and  phosphate  of  sodium  dissolved  in  water  rendered  alka-  ^***^ 
line  with  soda<  was  exhibited  as  a  preparation  representing 
tiie  form  in  which  iron  exists  in  the  blood. 

The  blue  phosphate  of  iron  (ferroso-ferric  phosphate)  and  l.  JoUv. 
the  green  and  the  white  phosphates  (ferric  phosphate)  were  iron.  **^  *  *  ** 
exhibited  by  L.  Jolly,  of  Paris,  who  claims  to  have  obtained 
a  phosphate  of  iron  as  an  educt  from  the  blood.  He  seems 
to  have  devoted  much  time  and  attention  to  the  study  of 
the  actual  condition  or  state  of  combination  of  the  iron  in  conditioii  ©i 
the  blood,  and  republishes  some  of  his  memoirs  that  have*™*"*^****^*^* 
heen  presented  to  the  various  scientific  societies  of  Paris. 
One  of  these,  entitled  "  B^cherches  sur  la  constitution  ehi- 
^tgv«  des  globules  sanguinSj^  claims  in  substance  that  iron 
exists  in  the  blood  globules  in  the  state  of  tribasic  phos- 
phate. He  also  states  that  iron  does  not,  as  is  generally 
affirmed,  form  an  integral  part  of  the  coloring  matter  of 
hlood,  and  this  he  thinks  he  demonstrates  by  exhibiting  a 
chloroform  ic  solution  of  the  hematic  pigment,  fi-ee  from 
ii^n,  and  he  subsequently  gave  a  method  for  extracting  the 
phosphate  of  iron  from  blood,  and  among  the  exhibits  was 
a  quantity  of  it  obtained  from  bullock's  blood  by  means  of 
the  process  described.  This  fundamental  physiological  re- 
search of  M.  Jolly,  if  it  proves  to  be  trustworthy,  reflects 
great  credit  on  pharmacy. 

Boudalt^s  pepsin  was  exhibited  in  many  forms  by  Hot-    Boudaifs  pcsp. 
tot  &  Co.    Chassaing  &  Co.  and  M.  Perret  had  pepsin,  sep- ' 
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^i^^cE-       arately  and  a  compound  called  pepsin-diastase  among  th^ 
pharnuiceututt.  exhibits.    M.  Tisy  showed  an  "  elixir  eupeptique,"  which 
tique^^^^Vewi^S-  ®^^^  ^  contaiu  0.10  grams  of  pancreatine,  0.30  grams 
diastoso.  etc.      diastase,  and  0.10  grams  of  pepsin  to  the  spoonful,  wti 

M.  Catillon  had  a  preparation  of  pepsin  containing  cinchoi 
iron,  wine,  and  glycerine. 

The  pharmaceutists  of  France  and  of  other  Europe 

states  have  not  limited  themselves  to  the  separatior^ 

dis^tSu^  **^  pepsin,  pancreatine,  and  diastase  as  aids  to  digestion,  li 

they  have  gone  extensively  into  the  preparation  of  digest 
food,  under  the  forms  of  peptones,  for  the  invalid. 
dige?uv'?*princf-     ^'  l^^^^sne,  who  has  made  a  study  of  digestive  priDC 
pies.  pies,  has  laid  a  report  before  the  Academy,  in  which  h 

claims  to  have  isolated  three  distinct  "  ferments,"  and  ha 

Myopsine.       named  one  myopsine,  capable  of  digesting  104  times  it 

weight  of  dry  albumen,  but  without  action  on  fat  or  starcl 

steaopn,^.      auothcr  hc  calls  steaopsiiie,  capable  of  breaking  up  24tim( 

its  weight  of  fat  without  acting  on  starch ;  and  a  thir 

Amyiopsine.    amylop8in€y  uot  aficctiug  fat,  but  capable  of  converting  i 

times  its  weight  of  starch  into  glucose.    He  makes  anothi 

important  observation,  which  is  that  the  pancreatic  juice 

not  identical  in  different  genera  of  animals,  but  attains  i 

maximum  power  upon  albumen —  i.  e.,  contains  most  myo 

sine — ^in  the  omniverse,  whUst  in  the  ruminantiaB  it  is  { 

Action  of  pan-  most  without  actiou  on  albumeii.    As  proof  of  the  pow 

crea    e  on  e«  .  ^^  ^.^  digcstivc  agcut  hc  exhibits  the  skeleton  of  a  turke 

originally  weighing  about  17  lbs.,  floating  in  a  yellowij 
fluid,  the  flesh  of  which  was  entirely  dissolved  (digeste 
by  means  of  his  pancreatine  mixed  with  warm  water,  in 
which  the  whole  turkey  was  put  immediately  after  it  w; 
On  starch.  killed  and  "  dressed."  He  also  shows  glucose  resulting  fro 
the  conversion  of  starch  by  means  of  amylopsine  and  co 
liver  oil,  which  has  been  emulsified  or  digested  by  pa 
creatine. 
on^pto^Sl"'^*'^     In  regard  to  peptones.  Dr.  Henninger,  a  distinguish^ 

young  chemist  of  Paris,  in  a  late  work  on  the  nature  ai 
physiological  rdle  of  peptones,  says  he  has  found  that  ti 
peptones  derived  fi-om  fibrinc,  albumen,  or  caseine,  wh< 
ireed  from  mineral  matter,  all  appear  as  white,  amorphoc 
infusible  powders,  very  soluble  in  water  and  in  glaci 
acetic  acid.  They  react  slightly  acid,  and  behave  II 
acetio*^MoM^*^^^y  ^^  amidcs.  When  an  acetic  solution  of  a  pepto- 
of  peptones.  ^  treated  with  sulphuric,  hydrochloric,  or  nitric  acid^ 
plentiful  white  precipitate  is  immediately  formed,  and  eollefl 
into  a  nearly  colorless  viscous  mass,  soluble  in  water.  Tl 
he  looks  upon  as  a  salt  of  x>cptone,  corresponding  to  ^ 
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FBANCS. 


acid  employed.    No  diff'erence  could  be  detected  in  the  be- 

havior  of  peptones  from  various  sources  towards  reagents,  Pharmaeeutists. 

all  having  certain  characters  in  common  with  albuminoid 

matters,  but  less  tendency  to  coagulation  and  i)recipitation. 

They  approach  closely  to  gelatine,  but  their  hot  solutions  do 

not  gelatinize  on  cooling.     Peptones,  although  apparently    Peptones. 

identical  in  their  chemical  properties,  differ,  like  the  albu- 

'fiinoid  matters  from  which  they  are  derived,  in  their  effect 

on  polarized  light,  the  rotatory  power  of  albumen-peptone 

^ing  the  weakest  and  that  of  caseinc-peptone  the  strongest. 


FRENCH  COLONIES. 


FUKNCU  OOLO- 
K1£0. 


The  collection  of  crude  drugs  sent  to  the  Exposition  from  Larf^e  ooUec 
-Algeria  and  the  French  colonies  was  very  large  and  varied,  droRs.^ 
^'^Il  arranged,  distinctly  labeled,  and  to  the  student  of 
^^tm^  history  was  exceedingly  interesting.  Its  value  was 
greatly  enhanced  by  a  thorough  and  systematic  catalogue 
^^^hich  the  commissioner  had  prepared.  This  exhibit  was 
^^^rtainly  one  of  the  best  in  the  building,  and,  coming  from 
*^il  parts  of  the  world,  served  to  give  at  a  glance  a  general 
^^:Kid  comprehensive  view  of  nearly  the  whole  vegetable  ma- 

French  Guiana  sent  a  great  number  of  medicinal  plants  French  Guiana, 
^nd  other  crude  materials  for  pharmacy,  among  which  may 
l>e  mentio  :ed  citrate  of  lime,  prepared  from  the  juice  of  the 
lime,  which  grows  abundantly  in  that  country;  curari  poi- 
son and  arrows  poisoned  with  it;  grains  of  paradise;  co- 
X>aiba;  Pareira  brava^  and  a  yellow  Pareira  hrava^  which  is 
recommended  only  for  obstructions  of  the  liver ;  simaruba, 
^•nd  QtuLssia  amara.    There  was  exhibited  from  this  colony 
3»  wood,  the  infusion  or  decoction  of  which  is  reputed  to  be 
strongly  aphrodisiac.    Oil  of  boa-constrictor,  a  remedy  for 
I>ain8,  etc.,  was  contributed  by  the  central  committee.  Ton- 
qoa  bean  and  Vanilla  pompona  were  among  the  articles  used 
i^i  perfumery. 

Martinique  sent  a  great  variety  of  drugs,  principally  de-    Martinique, 
^ved  from  the  vegetable  kingdom,  some  mineral  waters,  and 
^few  articles  useful  in  the  art  of  perfumery.    Cinchona  cinchonabariw. 
^^ks  were  exhibited,  and  it  is  said  that  the  Peruvian  cin- 
chonas, rich  in  quinine,  may  be  successfully  raised  on  the 
fcigh  lands.  Among  the  many  plants  exhibited  was  the  Cas- 
^  occidentalism  the  seeds  of  which,  when  roasted,  are  said  to 
'form  the  best  known  substitute  for  coffee,  so  that  if  mixed 
'^th  ground  coffee  in  a  proportion  no  greater  than  one-fffth 
^^  is  impossible  to  detect  it  either  by  sight  or  taste. 
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FJ:nxcn  colo- 

KI£8. 

Giiadeloa]>e. 

St  Pierre  and 
Miquelan. 


Senegal 

Ground-nuts 
and  gunift. 


Gaboon. 

Poiaonooa  vege- 
table agents. 


Strophantut. 


Preparation. 


Toxic  action. 
Cardiac  poison. 


From  Guadeloupe  the  principal  article  in  tbe  line  of  drugs 
was  vanilla,  which,  besides  sugar  and  Campeachy  dye-wood, 
is  the  largest  export  from  that  island. 

The  Isles  of  St.  Pierre  and  Miquelon  sent  only  such  crude 
articles  as  are  common  in  the  United  States  and  Canada. 
A  variety  of  Sarracenia^  in  great  repute  as  an  abortive  and 
remedy  for  small-pox,  was  exhibited,  as  well  as  Oaultheria 
procumbens,  Coptis  trif,j  and  Abie8  canad.,  the  young  twigs  of 
the  latter  being  used  in  the  fabrication  of  "  spruce  ^  beer 
and  for  tonic  baths. 

From  Senegal  the  items  of  largest  export  are,  as  given  in  the 
official  reports  for  1876,  ground-nuts  {Arachides)^  24,000,000 
£:ilos ;  gum  Senegal  (ot  all  descriptions),  2,486,395  kilos ;  and 
of  caoutchouc  an  amount  valued  at  537,382  fr.  Vettiver 
is  exhibited  by  Lenormand,  of  Saint  Louis. 

Gaboon  contributed  many  vegetables  possessed  of  very 
poisonous  properties,  and  which  no  doubt  will  yield  valua- 
ble therapeutic  agents  when  they  are  thoroughly  studied. 
Among  these  may  be  noted  Strophantus  hispidus ;  Uango, 
a  plant  belonging  to  the  Orchiddcece;  icaja^  from  a  species 
of  Strychnos;  atchimS,  from  a  species  of  Ignatia;  okanyago 
and  calabar  leaves  {Physostigma  venenosum).  Ourend6  is  said 
to  be  powerfully  aphrodisiac.  Physostigma  ven,  and  its  al- 
kaloid, SserinCj  have  been  described,  and  are  now  employed 
as  valuable  therapeutic  agents  by  the  medical  profession  in 
most  countries,  and  need  no  further  notice  in  this  place; 
but  the  Strophantus  hisp,,  the  Erythrophleum  guinsenscj  the 
atehimSj  and  the  icaja  deserve  more  than  a  passing  notice. 

The  common  name  of  the  Strophantus  is  inie  or  onaye. 
It  is  a  climbing  plant,  belonging  to  the  family  ApocynacecSy 
and  yields  a  seed  which  contains  a  crysUiUizable  principle 
endowed  with  powerful  toxic  properties.  This  principle, 
which  is  called  strophantine,  i^  obtained  from  the  crushed 
seeds  by  extraction  with  cold  alcohol  of  90°,  which  is  got 
rid  of  by  careful  evaporation.  The  resulting  extractive 
matter  is  exhausted  with  cold  water,  which  after  filtration 
is  concentrated  until  on  cooling  crystals  appear.  These  are 
to  be  purified  by  a  second  crystallization.  They  form  quad- 
rilateral plates,  derived  from  the  orthorhombic  prism,  and 
their  solution  deviates  feebly  the  ray  of  polarized  light  to 
the  left.  They  are  soluble  in  water  and  alcohol  and  slightly 
or  not  at  all  soluble  in  ether  and  chloroform.  To  test-paper 
the  crystals  are  neutral  and  do  not  give  reactions  character- 
istic of  the  alkaloids.  It  is  powerfully  poisonous  and  pro- 
duces death  by  arresting  the  action  of  the  heart,  the  nervous 
system  and  muscles  maintaining  their  activity  for  some  time 
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after  the  heart  has  ceased  to  beat.    An  alkaloid  called  inSine  fi«ncii  colo- 

NIBS. 


has  been  extracted  from  the  appendages  of  the  seeds  of  this  —^ 
plant,  which  does  DOt  seeui  to  be  capable  of  paralyzing  the    Gaboon, 
action  of  the  heart  as  strophaotiue  has  been  observed  to  do. 
Erythrophleum  guinaense^  a  leguminous  plant  belonging  to 
the  tribe  MimosoBy  known  b^  the  common  name  man^dne  or   EryUirophUum 
bourane^  yields  a  bark  {sassy  bark)  which  the  natives  of  the^  "*'^*' 
west  coa«t  of  Africa  employ  for  the  purpose  of  preparing 
an  extract  with  which  they  poison  their  arrows.    It  has  been ,  Arrowpoison- 

•^  '^  ing  preparation. 

known  for  many  years,  and  quite  recently  Drs.  Gallois  and 

Hardy,  of  Paris,  have  investigated  the  bark  of  the  tree 

chemically  aud  discovered  in  it  an  alkaloidal  body  of  most 

energetic  poisonous  properties,  which  they  name  erythro- 

phliine.    It  is  extracted  from  the  powdered  bark  by  a  proc-    Pn»c«M. 

ess  similar  to  that  employed  by  Stas  for  the  separation  of 

alkaloids.    The  chemical  reactions  of  this  body  resemble  in 

some  respects  those  of  strychnine,  but  it  has  not  been  suflBi- 

ciently  studied  to  enable  its  characteristic  properties  to  be 

distinctly  laid  down.    It  has  been  proved  to  be  a  strong 

♦ardiac  poison,  the  action  of  the  heart  being  speedily  ar-    cardiacpowon. 

rested  by  it,  while  the  other  muscles  of  the  body  retain  their 

irritabiUty  for  hours  after  the  arrest  of  the  action  of  the 

central  organ. 

Icaja,  a  shrub  called  m^hondon  or  hondon^  and  belonging  leaja. 
to  the  family  of  the  LoganncecBj  furnishes  the  ordeal  poison  ordea^  poi«on. 
employed  by  the  natives  about  Cape  Lopez.  An  alkaloid 
^as  been  extracted  from  the  bark  of  this  plant  by  Frazer, 
*nd  Drs.  Gallois  and  Hardy  have  also  established  the  pres- 
ence of  a  poisonous  principle  in  it,  whose  action  is  said  to 
^  similar  to  that  of  strychnia.  All  these  substances  have 
^n  obtained  in  such  small  quantities  that  the  investiga- 
tors have  not  been  able  yet  to  pursue  their  researches  to  a 
point  definite  enough  to  warrant  an  absolute  statement  as  to 
their  real  chemical  properties  or  their  physiological  or  toxi- 
oological  effects. 

Algeria  made  an  extensive  and  fine  display  of  drugs,  tan-    Aiiseria. 
"ing  and  dyeing  materials,  all  handsomely  arranged  in  a  spe-  ^"*^y*^®  ^^^ 
eial  Algerian  building  situated  in  the  Trocad^ro  inclosure.  twminK  and  ^e' 
^^tcdlypius  globulus^  Spanish  i)ellitory,  colocynth,  squill,    *"*  '' 
"^^M  sUphium  are  among  the  most  noteworthy  of  the 
exhibits  of  medicinal  drugs.    The  only  specimen  of  the  "  er  ■ 
9ot  du  diss  "  in  the  Exposition  found  a  place  in  this  collec- 
tion.  Apparently  the  most  important  substance  of  a  me- 
dicinal nature  exhibited  in  the  Algerian  section  is  the  ban- 
W^  fesifij  which  is  the  local  name  of  the  great  panacea  of 
the  North  African  Arabs  for  Thapsia  resin,  much  of  which    Tbapsu  re«in. 
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is  exhibited,  along  with  an  apparatus  used  for  its  prepara- 
tion. Several  French  houses  have  taken  up  this  resin  as 
the  material  for  a  revulsive  plaster,  and  there  is  a  fair  chance 
that  it  may  succeed  as  a  x)opular  remedy.  Fronds  of  the 
Lecanora  esculenta  are  exhibited,  which  are  not  only  curious 
on  account  of  their  singular  appearance,  but  interesting  on 
account  of  the  supposed  identity  of  the  plant  with  that 
which  furnished  the  manna  of  the  Scriptures.  It  is  said  to 
be  now  used  as  a  substitute  for  wheat  when  that  cereal  is 
scarce,  or  rather  to  mix  with  it  as  a  diluent,  for  its  nutritive 
power  cannot  be  very  great,  since  oxalate  of  lime  constitutes 
two-thirds  of  its  weight.  Eucalyptus  was  shown  in  all  its 
forms;  leaves,  bark,  oil,  essence,  tincture,  wine,  sirup,  liq- 
uor, lotion,  pills,  cigarettes,  etc.,  occupy  a  conspicuous  posi- 
tion. Eucalj-ptol  is  the  active  medicinal  agent  of  the  plant, 
but  another  principle,  eucalyptic  acid,  has  been  found  to  exist 
in  some  abundance  in  the  E.  rostrata,  and  is  supposed  to  be 
the  agent  in  the  timber  from  that  tree  which  protects  it  from 
from  the  attacks  of  the  Teredo  navalis. 

Corks  and  cork  wood  are  among  the  largest  items  of  ex- 
port from  Algeria.  In  1876  the  figures  were  5,223,000  fr. 
while  barks  for  tanning  purposes  were  shipped  to  the  amount 
of  19,046  tons,  valued  at  3,800,000  fr.  Sponges  are  said  to 
be  found  on  the  coasts,  of  a  fineness  and  quality  comparble 
with  those  fi^m  Syrian  waters. 

From  the  Isle  of  Reunion  vanilla  was  the  most  interest- 
ing article  exhibited,  and  since  this  perfume  has  grown  to 
be  of  such  importance  in  the  three  arts  of  pharmacy,  per- 
fumery, and  confectionery,  it  would  not  be  uninteresting  to 
know  how  the  French  nation  foster  its  cultivation.  It  is 
stated  by  a  late  writer — the  reporter  for  the  "  Pharmaceuti- 
cal Journal  and  Transactions" — that  in  1849  only  3  kilo» 
were  exported  from  this  island,  but  in  1876  the  exports 
amounted  to  27,759  kilos,  and  that  the  price  has  fallen  from 
500  fr.  the  kilo  to  32  fr.  The  average  price,  however,  for  a 
a  prime  article  is  from  50  to  100  fr.  the  kilo.  The  cultiva- 
tion of  this  plant  is  attended  with  great  exhaustion  of  the 
soil,  taking  from  each  hectare  in  seven  years  932  kilos  of 
potassium  and  1,350  kilos  of  i)ho8phoric  acid,  besides  con- 
siderable lime  and  magnesia.  This  impoverishment  of  the 
soil,  and  the  subsequent  prolonged  artificial  fertility  thereby 
necessitated,  weakened  the  plants  very  much,  so  they  fre- 
quently showed  symptoms  of  blanching,  which  was  followed 
by  the  attacks  of  destructive  parasites  such  as  Bacterium 
putredinisy  etc.  Fresh  plants  were  obtained  ftx)m  Mexico, 
apropriate  manure  was  used,  and  a  plan  of  pruning  adop- 
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ted,  80  that  the  plantations  now  present  a  healthy  appear-   "'^^;^^<''^ 

iince  and  produce  freely.    Another  plant  grows  in  abund- 

ance  on  this  island  which  possesses  an  odor  between  that  of   R^anion. 
vanilla  and  tonqua.    This  plant  is  the  Angrcecum  fragrana. 
From  the  islands  of  Saint  Marie,  Nossi-B^,  and  Tahiti  ^  ^^/  ^'^rie- 

'  '  Koiiai-B6,  Tahiti. 

Dothing  of  special  importance  is  to  be  noted,  except,  per- 
haps, that  the  last-named  sends  specimens  of  Pij^er  methya- 
ticum^  the  root  of  which  is  capable  of  yielding  a  large 
quantity  of  alcohol,  and  Tahiti  arrow-root,  yellow  sandal- 
wood, tonqua  and  vanilla  beans. 

From  New  Caledonia  large  and  fine  specimens  of  nickel-   NewCoiedonin, 
iferous  minerals  are  sent,  as  well  as  ores  of  iron,  chromium,    orw». 
cobalt,  manganese,  copper,  etc. 

From  French  Cochin  China  a  great  many  drugs  were  ex-  cochin  chinn. 
bibited,  none  of  which  were  at  all  new,  except  a  variety  of 
gelose  called  thao,  and  imported  as  Chinese  or  Japanese «  ^''^-  kcIo*© 
isinglass.  This  substance  is  made  from  sea-weed,  and  pos- 
sesses properties  which  make  it  interesting  to  the  student 
and  valuable  in  the  industrial  arts.  It  is  used  in  the  place 
of  starch,  gum,  and  the  usual  dressing  for  textile  fabrics — 
all  of  which  it  will  supersede  if  the  accounts  of  it  are  true. 
^1.  Heilmann,  of  Eouen,  says  that  1  part  of  thao  to  100  of  ^^  "^^^^  «»d 
water  produces  a  dressing  which  is  supple  and  strong,  and 
gives  substance  rather  than  stiffness,  while  dextrine,  like  DreMing  for 
starch,  makes  the  tissue  drier  and  harder,  and  gives  less 
feing  to  thread.  The  addition  of  a  little  glycerine  to  it 
^ves  a  dressing  still  more  flexible  and  soft,  and  while  ren- 
dering the  tissues  less  stiff  and  harsh,  it  communicates 
more  "body''  to  them.  M.  Gantillon,  of  Lyon,  says  that, 
once  dissolved,  thao  will  mix  while  hot  with  any  gum,  dex 
trine,  starch,  or  gelatine.  The  principal  advantage  of  this 
substance  in  dressing  silk  fabrics  is  that  while  preserving 
tbeir  suppleness  it  gives  them  greater  glossiness  and  makes 
tbem  softer  to  the  touch.  The  mixture  of  tJuw  with  traga- 
canth  is  said  to  be  the  best  method  of  using  it.  One  re- 
Qiarkable  advantage  thao  has  over  other  dressings  is  that 
^  it  is  soluble  only  at  a  high  temperature,  a  moist  atmos- 
phere, fog,  or  even  rain  does  not  affect  the  material  dressed 
^th  it.  This^  substance  has  the  power  of  making  a  stiff 
jelly  with  100  times  its  weight  of  water. 

From  French  India,  Pondicherry  sent  a  good  exhibit  of  Pondicherry. 
Indian  products,  consisting  of  coloring  and  tanning  mate- 
ria, gums,  resins,  oils,  insinglass,  and  some  raw  materials 
forpeifdmery,  none  of  which  are  very  new  or  require  special 
n»ention. 
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oHSfT  BRITAIN  GREAT  BRITAIN  AND  IRELAND. 

ANir  IRELAND. 


This  kingdom  being  essentially  a  mamifa<!tiiring  conntry, 
no  exhibits  of  crude  drugs  were  to  be  seen  except  those 
shown  by  Baiss  Bros.  &  Co.  and  Gidney,  Clark,  &  Co., 

dragi  exhibitSi^  t»oth  of  London.    The  former  had  a  case  containing  a  good 

assortment  of  crude  and  powdered  drugs,  and  the  latter 
many  handsome  specimens  of  resins  collected  from  different 
parts  of  the  world. 

hibfte  fvS^B?H-     ^^^  exhibits  from  English  colonies,  however,  like  the 

ish  «oionie».       Frcuch  colouics,  wcrc  numerous,  rich,  and  very  int^^resting. 
The  novel  and  most  striking  of  them  were  various  species  of 
Eucalyptus.     Eucalyptus  from  Australia ;  a  perfume  from  the  Acaoia  pyc- 
nantha  from  Victoria,  said  to  diffuse  a  delicious  odor ;  and 
Acacia.  dried  bark  of  Acacia  dccvrrcns  from  Queensland,  yielding 

from  18  to  33  per  cent,  of  tannin.  This  tree  is  very  abun- 
dant and  widely  distributed,  and  the  catechu  may  be  made 
from  it  at  a  cheap  rate.  A  fine  collection  of  crude  drugs 
Saunders,  On-  was  exhibited  by  W.  Saunders,  of  London,  Ontario.  Brit- 
ish Guiana  sent  tonqua  beans,  wourali  poison,  copaiba,  oil 
of  Onodaphne  qpifera — a  solvent  of  india-rubber,— a  variety 
BnLita.  of  gutta-pcrcha  called  balatOj  a  substance  which  on  account 

of  its  low  price  and  valuable  properties  will  no  doubt  come 
into  general  use  for  many  industrial  purposes. 

^^india  and  Cey-     British  Tudla  and  Ceylon,  sent  among  other  and  numerous 

specimens  of  crude  drugs,  specimens  of  cultivated  cinchona 

grophjt^anlupT- ^*^^^9  *'^^  Oinckona  calisayaj  anglica^  &,ud  josephina,  as  well  as 

;iraphite,  cinnamon,  vanilla,  vitivert,  and  cardamoms.  No 
small  degree  of  interest  was  attached  to  the  very  complete 
display  of  natural  products  from  the  numerous  colonies  of 
Great  Britain,  which,  coming  as  they  did  from  every  divi- 
sion c»f  the  globe,  contained  representatives  of  nearly  all  the 
raw  materials  required  by  the  druggist  and  chemist. 


ce8 


Excellent    ex-     The  pharmaceutical  preparations  and  chemicals  used  in 

hibit  of  phartna- 

ceuticai  prepara-  mcdicinc  wcrc  wcU  represented,  and  the  show  made  by 

British  exhibitors  was  scarcely  inferior  to  that  made  by  the 
French,  and  in  some  respects  it  was  superior  %to  any  in  the 
Exposition. 

brSgl^2*co^^*^"  Burgoyne,  Burbridges,  &  Co.  exhibited  a  handsome  col- 
lection of  pure  chemical  and  pharmaceutical  products,  among 
which  were  noticed  very  line  scale  preparations. 
BuHh  sc  Co.  Bush  &  Co.,  of  London,  had  a  good  display  of  the  same 
class  of  medicines,  together  with  fixiit  essences,  essential 
oils,  citrates  of  lithia  and  potash,  and  many  granular  salts. 
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Atkinson  &  Co.,  of  London,  sent  a  flno  exhibit  of  essential  oRgAT  imiTAiH. 
oils,  camphor,  alkaline  iodideg  and  bromides,  preparations  PhamuueuHsu. 
of  mercury,  salts  of  eadmium,  and  vermilion.  AtidnsonACo. 

.  The  first)  specimen  dt  capsaicine,  the  active  principle  of  capsaicine. 
cayenne  pepper,  shown  to  the  public  was  exhibited  by  Mr. 
Thresh,  its  discoverer }  it  was  in  snow-white  crystals.  Threah. 

A.  W.  Gerrard,  of  London,  sent  a  choice  collection  of  rare    a.  w.  oerrard 
and  handsome  organic  proximate  principles,  among  which 
were  salts  of  pilocarpine  in  crystals,  as  nitrate,  phosphate,    organic  saiu. 
and  hydrochlorate ;  crystalline  chrysophanic  acid  from  goa 
powder;  monobrom  camphor  in  crystals  two  and  a  half 
inches  in  length ;  and  three  varieties  of  aloin,  named,  accord-    ^o^^. 
iog  to  the  place  of  origin  of  the  drug,  socalain,  barbcUoiUj 
and  nataloin. 

Southall  &  Barclay,  of  Birmingham,  had  a  collection  of  ^j8o"**»"^Bftr. 
('xtracts  made  from  assayed  drugs,  and  pure  chemicals  for 
iinalytical  purposes.   They  showed  an  '^  A"  cod-liver  oil  made      Cod-iiver  ou 

:     XT  1       ^  .1  /.   .i  1  .  „  and  extracts. 

iQ  Norway,  and  alongside  of  it  were  arranged  a  senes  oi 
small  bottles  containing  proximate  principles  said  to  have 
been  extracted  from  the  oil,  such  as  stearic,  cetylic,  and 
oleic  acids,  volatile  fat  acids,  glycerine,  biliary  matter,  and 
gadnine. 

T.  &  H.  Smith,  of  Edinburgh,  had  a  brilliant  exhibit  of  the  t.  and  h.  smith, 
preparations  of  opium,  many  of  which  they  have  discovered,  opium  prepara- 
isolated,  and  described.  Among  the  magnificent  specimens 
were  some  bodies  which  are  quite  new ;  for  example,  gnos- 
copine  (CwHseNaOn)  and  raeconoiosine  (CaHioOj);  hydro- 
chlorate  of  apomorphine;  one  crystallization  of  codeine, 
^^hing  about  ten  pounds;  narceine;  meconine;  a  crystalline 
n«i88  of  hydrochlorate  of  thebaine  of  perhaps  twenty  pounds 

• 

in  weight;  thebolaotic  a6id;  cryptopine;*  nitrate  of  furfur- 
iiie;  Fowne's  artificial  alkaloid;  large  and  fine  specimens 
o(  caffeine,  etc.  Their  collection  also  contained  specimens 
of  opium  from  almost  every  source  of  the  drug. 

Macfarlan  &  Co.,  of  Edinburgh,  had  a  very  extensive  Mac&rian&co. 
display — about  ninety  specimens — which  was  of  special  in- 
terest ou  account  of  the  number  of  substitution  products  of      Substitutioo. 
(be  opium  alkaloids  it  contained.    Besides  the  salts  of  mor-  Sm  aikJoiV^^ 
pMne,  codeine,  narceiue,  and  the  other  well-known  bases, 
tbey  exhibited  oxynarcotine,  hydrocotarnine,  apomorphia, 
8&lt8  ol;  trimorphia  and  tetramorphia,  dicodeia,  tricodeia, 
wid  tetracodeia.    They  also  had  acetyl,  butyryl,  and  benzoyl 
BQbstitution  products  of  morphia  and  codeia,  in  which  the 
^d  radical  takes  the  place  of  the  hydrogen  in  the  base, 

*  Over  a  pound  of  this  was  on  exhibition,  althoagh  it  occurs  in  opium 
Ottly  to  the  extent  of  totj  of  OQ©  per  cent. 
9  P  E VOL  4 
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OBHAT  BBiTAiK.  e.  flf.,  Ci7Hi3(C2H30)N03,  ctc.    Narcotioe,  with  its  derivative 

TiiavmoMvtxunM.  opiaBic  acid,  was  among  the  specimens,  as  well  as  dimethyl, 

Mac&rUn&Co  ^^r-^^^c^tine,  etc.    Narcotine  is  an  extremely  interesting 

body  on  account  of  its  many  derivations.     Opianic  acid, 

which  is  derived  from  it  by  oxidation,  may  be,  by  means  of 

protilSt?^o?op?-  ^^  excess  of  potash,  split  up  into  meconine  and  hemipinic 

um  alkaloids,      acid,  and  vanilline  has  been  made  from  it.    It  has  been 

found  that  narcotine,  by  a  series  of  complex  changes,  gives 

rise  to  anthracine  and  to  alizarine.    This  house  also  exhib- 

cuoroform.     Itcd  a  purc  chloroform,  for  the  manufacture  of  which  they 

are  quite  celebrated. 

The  exhibits  of  these  two  Edinburgh  houses  were  perhaps 
as  full  of  interest  to  the  pharmaceutist  as  any  in  the  Expo- 
sition. 
Mowon&son.      Morsou  &  Sou,  of  Loudou,  exhibited  creosote  and  prepa- 
rations from  it,  pilocarpine  and  its  salts,  gelseminic  acid- 
(esculine),  chrysophanic  acid,  etc. 
Bowdier&Bick-     Bowdlcr  &  Blckcrdike,  of  Church,  presented  verv  fine 
carboUc    acid  spccimcus  of  carbolic  acid  and  derivatives.    One  of  their: 
an    enva  ve«.  gp^jj^^j^g  ^^^  about  tweuty-flve  pouuds  of  absolute  phenol 

in  a  granular  state  and  free  from  color.    The  granular  fona 
of  this  substance  is  a  guarantee  of  its  purity,  since  phenol 
containing  the  minutest  amount  of  cresol  is  so  deliquescent 
that  it  cannot  be  reduced  to  a  granular  condition. 
Lowe  &  Co.         Lowe  &  Co.,  of  Manchester,  also  showed  fine  specimens 
of  carbolic  acid  and  its  derivations,  together  with  naphtha- 
line and  its  tetrachloride,  etc. 
Savory   &     Savory  &  Moore,  of  London,  exhibited  as  novelties  fluid 

Moore.  •/  7  7 

Extracts.        extracts  and  tinctures  of  jaboraudi,  boldo,  guavaua,  coca, 

ihSom!^*^"^*^  ^^^  ^^'    They  also  showed  an  extensive  series  of  gelatine 

preparations  for  ophthalmic  and  hypodermic  uses,  the  newer 

ones  being  disks  of  colchicia,  pilocarpine,  curarine,  and 

duboisia. 

hi^T  ^  ^^      Allen  &  Hanburys,  of  London,  showed  handsome  jujubes 

ji\lube8.         made  by  Hawker's  process. 
^Richardaon  9c     Pearl-coatcd  pills  wcrc  exhibited  in  an  almost  endless 

variety  by  Richardson  &  Co.,  of  Leicester,  the  largest 
.piUs.^®*^^"*^*****^  makers  of  pills  in  the  world.    They  had  on  their  shelves  at 

the  Exposition  upwards  of  six  hundred  varieties  of  thin- 
coated  pills,  thirty  varieties  of  phosphorus  pills  being  among 
them. 
Kirby&co.  Kirby  &  Co.,  of  Hatton  Garden,  London,  also  exhibited 
PiUa  and  loz-  coatcd  pills,  and  a  new  form  of  medicated  lozenge  called 
glycecollSj  each  containing  a  definite  amount  of  its  particu- 
lar medicine.  These  glycecoUs  have  for  their  base  probably 
a  mixture  of  gelatine  and  glycerine. 
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ForeterA  Gregory,  of  London,  contribated  valerianic  acid  Q'^^^  bbitain. 
and  a  number  of  its  salts,  a  series  of  hjpophosphites,  large  ^yowuta^S' 
specimens  of  bi-nitro-benzene,  etc.  ^"^iaerixmicacid. 

J.  B.  Eeadman,  of  Glasgow,  showed  citric  acid  in  all  etc.  ^  ,,   ^ 

'  07  J.  B.  Readman. 

Stages  of  its  manufacture,  beginning  with  the  crude  juice   citrio  acid.  etc. 
and  ending  with  the  finished  product.    Ns^ve  phosphate 
of  alumina  is  likewise  put  through  the  various  steps  of  the 
nianafacture  of  phosphate  of  soda  from  it 


A  number  of  specialties  or  proprietary  preparations  were 
Gt^hibited  in  the  British  section.    Afttar  Liebig's  Extract  of 
^eef  there  was  the  preparation  of  Southall  &  Barclay,  who 
<^luim  that  their  soluble  meat  contains  all  the  fibrine,  gelatine, 
^Xkd  albumen  of  lean  beef  as  well  as  the  mineral  matters 
<^a^tural  to  the  meat,  and  that  the  whole  is  partially  digested. 
^epsina  parci  of  Morson  &  Son,  and  peptodyne  and  pancre- 
<^ic  emulsion  of  Savory  &  Moore,  were  on  exhibition.    From 
ASelbourne,  Mr.  Bosisto  sent  a  number  of  his  preparations 
of  eucalyptus;  and  Dr.  Day,  of  Geelong,  exhibited  a  "disin- 
fectant," consisting  of  rectified  oil  of  turpentine  1  part, 
benzine  7  parts,  and  oil  of  verbena  5  drops  to  the  pint — 
the  size  or  amount  of  the  "part"  not  being  designated. 

Messrs.  Wyndham  displayed  a  "  spirit  of  eggs,"  which  is 
aaid  to  contain  the  whole  of  the  eggj  shell  and  all,  in  a  spirit- 
uous mixture. 

There  were  several  well-known  London  perfumers  and 
soap  makers  who  had  handsome  displays  of  their  products, 
but  nothing  novel  was  noticed  among  them. 

BRITISH  COLONIES. 


SonthaU  Sc  Bar- 
clay. 

Liebiff  8  Ex- 
tract  of  &ef. 


Pepsina  poroL 
Peptodyne. 
Pancreatic 
emaldon. 


Day's  diainfee- 
tant 


Spirit  of  eggs; 


DRrnSH  COLO- 

imes. 
Jamaica. 


From  Jamaica  there  were  numerous  specimens  of  rum, 
sugar,  ginger,  dye-woods,  etc.  Among  medicinal  plants  and 
materials  used  in  the  pharmacist's  art  were  noticed  Evmlyp- 
^globulus J  Acacia  catechu^  Hcematoxylon  campee^uzniem,  and 
extracts  from  them  ]  cocoa-nut  oil,  oil  of  Anacardium  occiden- 
tete,  oil  of  Moringa  pterygosperma^  cold-pressed  castor  oil  5  es- 
sential oils  of  pimento,  of  nard,  of  Seville  orange,  of  lemon,  of 
Barbadoes  junix>er,  and  of  Eucalyptus  glob,;  and  yellow  and 
bleached  beeswax. 

British  Guiana  contributed  honey  and  Guiana  pepper,  British  Guiana, 
cocoa-nut  oil,  balsam  copaiba,  castor  oil,  seeds  of  Rid- 
A««  commua^iSj  bay-rum,  wourali  poison,  fish  glue,  and  ba- 
^ta  gum.  This  substance  resembles  gutta-percha  in  many 
Inspects,  and  most  of  it  is  shipped  from  Guiana  and  sold  for 
thatarticle.    It  is  tasteless,  emits  an  agreeable  odor  on  being 


Balatagom* 
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^^^^8^^"^  warmed,  may  be  cut  like  gutta-percha,  but  is  more  elastic, 

— — — — —  tough,  and  leathery,  and  remarkably  flexible.     This  gum  is 

inferior  in  its  qualities  to  india-rubber,  but  it  i>os6esse8 

BaiatAgmn.  properties  which  make  it  superior  to  gutta-percha.  It  is 
completely  soluble  in  benzole  and  bisulphide  of  carbon,  and 
in  oil  of  turpeptine  by  the  aid  of  heat,  is  a  powerful  di- 
electric, and  well  adapted  as  insulator  for  telegrajjhic  and 
other  purposes.  This  body  possesses  properties  giving  it 
rank  between  caoutchouc  and  gutta-percha,  and  for  many 
purposes  will  doubtless  be  found  superior  to  either  of  them. 
It  is  said  to  be  derived  from  the  "bully -tree,''  which  grows 
on  the  banks  of  the  Orinoco,  and  is  prepared  in  a  manner 
similar  to  that  employed  in  the  collection  and  cure  of  india- 
rubber.  British  Guiana  also  sent  several  specimens  of  arrow- 
root and  many  of  rum. 

Cape  Colony.  Cape  Colouy  sent  buchu  leaves  and  aloes.  From  Cape 
Town  a  numoer  of  specimens  of  wines  and  spirits  were 
sent. 

CeyioiL  From  Ceylon  the  exportation  of  cocoa-nut  oil  amounted 

to  the  value  of  $722,705,  of  cinnamon  bark  1,500,000  lbs.,  of 
areca  or  betel-nut  5,075  tons,  and  of  plumbago  to  the  value 

ouaandnuu.  of  $650,000.  Specimens  of  oils  of  citronella,  of  dihudu^  of 
Jcekuna,  of  cocoa-nuts,  of  Ricinus  c,  and  a  number  of  others 
firom  indigenous  plants,  labeled  in  the  native  tongue,  were 
on  exhibition.  Many  fine  exhibits  of  cinnamon  were  espe- 
cially worthy  of  note. 

stroito  setue-  From  the  Straits  Settlements  (Singapore,  Penang,  Ma- 
lacca, and  Wellesley)  the  principal  articles  of  export  are 

spicea,  gmna,  P^PP^r,  uutmcgs,  mace,  sago,  tapioca,  gutta-percha,  india- 
8ago,oU8,&c.      rubber,  gambier,  and  essential  oils.    There  were  76  speci- 
mens of  medicinal  herbs  exhibited,  all   carefully  labeled 

Eaaenoea.  with  their  name  and  uses  in  Malayan.  Very  flue  essences  of 
cloves,  nutmegs,  cinnamon,  and  patchouly  were  on  exhibi- 
tion in  this  section. 

Mauritius.  From  Mauritius  vanilla  beans  were  exhibited  of  a  very 

'  flue  quality,  as  well  as  tapioca,  arrowroot,  and  nutmegs. 

seycheUea.  Seychelles  sent  cocoa-nut  oil,  ylang-ylang,  cinnamon,  pep- 

per, lemon  juice,  and  nim. 
wak8*^    ^"^     -^^^  South  Wales  sent  effervescent  mineral  waters,  glue, 
arrowroot,  vinegar,  and  a  number  of  specimens  of  wines  and 
ciders. 

vi(;toria.  Victoria  contributed  mineral  waters,  preparations  firom 

eucalyptus,  arrowroot,  and  a  great  number  of  wines,  some 
ales,  and  whisky. 

QueensUmd.        In  the  Queensland  collection  were  found  a  number  of  spe- 
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*.  or  ^„u.  ^  ^eaiou-  p«p.„««o, »«,« f^  -^^^ 

them.    Bunya-bunya  gum,  a  resin  from  a  conifer,  and  grass- 

tree  gum  or  gum  acariodeSj  derived  from  Xantharrhcea  arbo-  °^**" 
rettj  which  is  very  fragrant,  contains  cinnamic  acid,  and  is  oams.  drugs, 
n8^  for  fumigations  and  for  making  sealing  wax.  Senna, 
gelsemium,  quassia,  Bicinus  c,  tapioca,  Croton  t,  oil  of 
orange,  lime  juice,  aunatto,  and  arrowroot  were  also  to  be 
seen  in  this  section.  The  authorities  of  the  Botanical  Gar- 
dens of  Queensland  sent  an  oil  of  lemon  prepared  from    oiia    and  e» 

MI106B« 

the  Eucalyptus  citriodora,  and  essence  of  verbena  from  the 
scented  iron  bark.  Pituri,  the  drug  said  to  possess  such  Pitaii  lu 
wonderful  courage-comi)elling properties,  was  exhibited  here 
in  small  quantities.  It  is  supposed  to  be  derived  from  the  origin,  nature, 
plant  Dvboisia  hopwoodii,  and,  according  to  A.  W.  Gerrard, 
who  examined  a  specimen  of  the  dried  leaf  by  Stas's  method, 
it  contains  an  alkaloid  for  which  the  name  pituria  is  sug- 
gested. It  is  soluble  in  water,  alcohol,  ether,  and  chloro- 
fonn,  and  is  stated  to  give  a  fine  fluorescence  to  light  re- 
flected from  its  edges  or  refracted  through  it  when  in  the 
solid  state ;  it  has  a  bitter  ta^te,  and  produces  a  numbing 
sensation  similar  to,  but  less  persistent  than,  that  produced 
by  aconite.  Dr.  Bancroft,  of  Queensland,  among  other 
things  about  this  singular  and  interesting  plant  says :  ^^  The  and  properties, 
plant  is  used  by  the  natives  as  a  stimulating  narcotic,  and 
its  use  is  confined  to  the  men  of  the  tribe  Mallutha,  all  the 
males  of  which  are  circumcised.  The  old  men,  before  any 
serious  undertaking,  chew  the  leaves,  and  are  then  in  a  suf- 
ficiently courageous  state  of  mind  to  fight  or  to  undertake 
any  serious  business.  One  old  man  refused  to  have  any- 
thing to  say  or  do  until  he  had  chewed  the pituri^  after  which 
he  rose  and  harangued  in  grand  style,  ordering  the  explor- 
ers to  leave  the  place."  In  large  doses  it  infuriates  the  user, 
and  in  excessive  quantities  produces  paralysis  and  death. 

In  the  South  Australia  section  a  great  many  exhibits  of   South  Aaatnu 
the  varieties  of  the  eucalyptus  tree  were  to  be  seen.    Sandal- 
wood and  mimosa  bark  for  tanning  were  also  found  in  this   ouapd  tanning 

extracts* 

collection,  as  well  as  olive  oil  and  many  wines  of  good 
qnality. 

West  Australia  sent  a  great  number  of  specimens  of  west  Australia, 
encalyptus,  including  almost  every  variety  growing  in  the  Bncaiyptua. 
land.  This  tree,  besides,  is  of  great  value  as  a  timber  tree, 
has  lately  become  quite  famous  in  its  hygienic  and  medical 
^lations,  and,  if  a  moiety  of  what  is  said  about  its  quali- 
^i^  k  true,  it  deserves  the  serious  and  instant  attention  of 
^e  whole  world.    Professor  Bentley,  of  the  Pharmaceutical 
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B"Ti&H^coLo-   Society  of  Great  Britain,  says  in  regard  to  the  medical, 
weatAnatrauI  Pharmaceutical,  and  hygienic  uses  and  powers  of  this  plant: 

Bentley  on  ths     *<  The  first  and  most  important  influence  whicli  the  Eu4XLljfptus  globulus 
tUwH  ^  "*  ^    'is  now  commonly  said  to  exert,  and  that  which  has  brought  it  into 

prominent  notice,  is  its  power  of  improving  miasmatic  climates  by  de- 
stroying the  paludal  miasm  which  causes  fever  in  such  districts ;  from 
The  fever-de-  which  circumstance  it  has  been  called  the  ^fever-destroying  tree.'    Its 
8tro>  mg  ree.       influence  in  this  respect  was  first  noticed  in  its  native  country,  Austra- 
lia, and  evidence  to  the  same  effect  has  now  been  obtained  from  all 
parts  of  the  world  where  it  has  been  introduced,  and  which  are  favor- 
AlgeSfT™^         *^^®  ^^  ^^  growth.    Thus,  in  Algeria,  where  it  has  been  tried  on  a  large 
Spain  scale,  and  in  Spain,  districts  previously  noted  for  their  pestilential  air, 

and  consequent  prevalence  of  fever,  have  now  become  quite  free  from 
Cape  of  Good  disease.  At  the  Cape  also,  in  a  very  few  years,  its  cultivation  has  com- 
^P®'  pletely  changed  the  climatic  condition  of  the  unhealthy  parts  of  that 

colony  ;  thus,  in  the  neighborhood  of  Constantia  especially,  it  has  been 
stated  that  a  noted  fever  spot,  which  was  covered  with  marsh  water 
both  in  winter  and  summer,  has  in  five  years  been  dried  up  by  the 
planting  of  14,000  of  these  trees,  and  the  inhabitants  now  enjoy  excel- 
Cuba,  lent  health.    In  Cuba  again,  marsh  diseases  are  fast  disappearing  from 

the  unhealthy  districts  where  this  tree  has  been  introduced.    An  inter- 
esting  statement  to  the  same  effect  has  recently  also  been  reported  from 
Italy.  Italy,  where  the  planting  of  some  eucalyptus  trees,  which  in  six  years 

had  grown  to  a  height  of  over  thirty  feet,  had  rendered  healthy  a  part 
of  the  Campagna  which  had  hitherto  been  regarded  as  the  most  fever- 
stricken  part  of  that  unhealthy  district.  The  tree  has  now  been 
planted  to  a  large  extent  in  Italy,  and  hopes  are  entertained  that  in  a 
few  years  malaria  will  be  as  effectively  expelled  from  that  country  as 
ague  has  been  from  Lincolnshire  [in  England].  The  testimony  in 
favor  of  its  anti-malarial  influence  is  so  strong  that,  allowing  for  ex- 
aggeration in  seme  cases,  it  can  scarcely  be  doubted  that  this  tree  does 
produce  a  most  beneficial  effect  by  destroying  the  fever-produciog 
miasm  of  marshy  districts ;  and  that  it  should  consequently  be  intro- 
duced into  oil  countries  and  districts  where  the  climatic  influences  are 
favorable  for  its  development,  and  where  such  miasmatic  emanations 
are  to  be  found. 
Its  mode  of  ac-  <<The  influence  of  the  eucalyptus  in  this  respect  is  commonly  re- 
^  Absorption  of  S^i^^^  ^  being  serviceable  in  two  ways.  First,  by  the  far-spreading 
water.  roots  of  this  gigantic  tree  pumping  up  water  as  it  were,  and  thus  drain- 

Odorous   ema-  ^^S  ^^^  ^^  *  ^^^y  secondly,  by  the  odorous  emanations  from  its  leaves 
nations.  having  a  disinfectant  and  antiseptic  influence  on  the  paludal  miasm, 

niveatigations  •  •  •  The  very  interesting  investigations  of  Kingzett  have 
proved  that  under  the  influence  of  air  and  moisture  both  peroxide  of 
hydrogen  and  camphoric  acid  are  formed  from  volatile  oils,  the  former 
a  powerful  disinfectant  and  the  latter  an  antiseptic ;  and  hence  there 
can  now  be  no  doubt  that  the  healthy  influence  of  eucalyptus  trees  is, 
to  some  extent  at  least,  and  probably  more  than  we  imagine,  due  to 
the  volatile  emanations  from  the  leaves  under  the  influence  of  air  and 
moisture,  possessing  direct  disinfectant  and  antiseptic  properties,  and 
thus  destroying  the  injurious  effects  of  paludal  miasms. 
Antiseptic  prop-  *<  Another  circumstance  which  has  an  important  bearing  upon  the 
tol.  antiseptic  properties  of  the  leaves  of  eucalyptus  is  that  the  eucalypiol 

of  Cloez,  the  chief  constituent  of  the  volatile  oil  contained  in  the 
leaves,  has  been  recently  proved  to  possess  great  antiseptic  propertien. 
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''  The  greatest  influeDce  iu  the  author's  opinion  is  prodnced  by  the    bbitish  colo- 


NIBS. 


power  the  roots  possess  of  absorbing  water  from  the  soil.    It  is  stated 

that  a  moderat-e-sized  eucalyptus  tree  absorbs  as  much  as  ten  times  its  West  Asutralia. 
weight  of  water  from  the  soil ;  and  hence,  allowing  for  exaggeration,     BenUey  on  the 
the  enormous  suction  power  of  large  plantations  of  such  trees  may  in  ^^  *^       ^ 
some  degree  be  judged  of;  so  that  when  thickly  planted  in  marshy 
places, '  the  subsoil  is  drained  in  a  little  while  as  though  by  extensive 
piping.'    That  the  main  inHuence  of  eucalyptus  trees  is  thus  due  to  the  Its  effect  mainly 
absorptive  power  of  the  roots  is  also  borne  out  by  the  fact  that  other  pj^er.*^**'^  ^* 
plants  of  rapid  growth,  when  planted  in  marshy  districts,  have  a  sen- 
sible effect  in  diminishing  their  malarial  influence.    This  is  notably  the 
case  with  the  sunflower,  which  is  grown  for  this  purpose  to  a  large    Effect  of  the 
extent  in  the  swampy  regions  of  the  Punjab  and  other  parts  of  the  *"^*  ower. 
world ;  and  the  effect  has  been  that  districts  which  were  previously  re- 
markable for  their  insalubrity  are  now  reported  to  be  entirely  free  from 
miasmatic  fever. 

''The  leaves  of  the  evcalyptus  upon  distillation  with  water  yield  Eucalyptus oiL 
large  quantities  of  an  essential  oil.  This  oil  is  stored  up  in  the  pellucid 
glands  contained  in  the  leaves,  and  which  may  be  readily  observed 
when  they  are  held  up  to  the  light  by  the  semi-transparent  appearance 
they  then  exhibit.  These  oils  are  now  prepared  on  a  large  scale,  and 
form  an  important  article  of  commerce  bet  ween  this  country  [England] 
aud  Australia.  They  have  generally  a  somewhat  camphoraceous  smell, 
but  the  odor  of  Eucalyptus  globulus  is  by  no  means  agreeable  in  its  con- 
centrated state,  while  that  of  U.  citriodara  has  a  pleasant  citron-like  e.  eitriodora. 
odor.  Most  of  the  oils  as  imported  have  a  yellowish  color,  although 
others  are  somewhat  blue,  but  when  redistilled  they  are  all  nearly  col- 
orless. 

*'  These  oils  have  been  employed  for  various  purposes ;  thus,  that  of  the 
Eucalyptus  oleosa  as  a  solvent  for  resins  is  much  used  in  the  preparation  E,  oleota. 
of  varnishes;  but  they  are  also  of  value  for  diluting  the  more  delicate 
essential  oils  which  are  used  in  perfumery.  Mr.  Eimmel  has  especially 
recommended  them  ibr  this  purpose,  and  specimens  of  soaps  and  other 
substances  thus  scented  are  now  exhibited.  The  oils  more  especially 
recommended  on  this  account  are  those  of  Eucalyptus  amygdalina^  E, 
globulus  J  and  E.  eitriodora, 

''A  recent  application  of  the  oil  of  Eucalyptus  globulus  is  also  made  by  Rimmers  "Aro- 
Mr.  Rimmel,  who  has  introduced  what  he  has  termed  an  'Aromatic™*^®  Oaonizer." 
Ozonizer,'  and  which  he  recommends  as  a  pleasant  disinfectant.  It  is 
in  the  form  of  a  coarse  powder,  composed  of  pine- wood  sawdust,  through 
which  is  diffused  the  oil  of  eucalyptus,  and  also  the  oils  of  lavender, 
HMemary,  and  thyme.  The  author  finds  that  it  certainly  communi- 
cates an  agreeable  freshness  and  pleasant  odor  to  the  air  of  rooms." 

In  consideration  of  the  beauty  of  the  diflferent  species,  vaiue  and  im- 
the  proved  influence  of  Etuiolyptm  glohultia  in  destroying  the  SSe^^  ^^  *^* 
pestilential  character  of  marshy  districts,  and  the  numer- 
ous important  economic  and  medicinal  products  which  the 
eucalypti  yield,  this  genus  of  plauts  must  be  regarded  as 
one  of  the  most  imx>ortant  to  man  in  the  vegetable  kiug- 
dom. 

From  British  India  were  exhibited  a  great  number  of  British  India, 
specimens  of  different  kinds  of  woods  which  furnish  dyeing, 
^^^oniiig^  or  medicinal  substances,  and  alongside  were  many 
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British  India. 
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^^rm^a)u>'  well-arranged  samples  of  gums,  roots,  barks,  resins,  etc, 
derived  irom  them.  One  of  the  most  interesting  features 
in  connection  with  this  exhibit  was  the  display  of  the  barks 
from  the  several  species  of  cinchona  which  have  been  intro- 
duced and  now  extensively  cultivated  in  that  empire. 
Acclimation     The  foUowiug  brief  history  of  the  acclimation  of  the 

of  the  cinchona  ^  "^ 

tree.  cinchona  tree  in  Tndia  will  serve  to  give  a  hint  to  our  own 

countrymen  of  the  comparative  ease  and  rapidity  with 
which  this  important  industry  has  been  introduced  into  a 
pestilential  country,  and  perhaps  be  a  means  of  directing 
the  attention  of  some  of  uur  public-spirited  and  philan- 
thropic capitalists  to  a  subject  of  the  very  greatest  impor- 
tance to  the  future  welfare  of  our  people : 

Birdwood  on  Cinchona  eulHvaUon  in  India.     By  George  Birdtpood,  if.  D.,  of  the  BriHsk 
tiS^^JH^^  ^^dia^  Section  of  the  ExpoHtion  Universelle,  Pari8,  1878. 

''The  mtrodaction  of  cinchona  caltivation  into  India  was  under- 
taken with  the  object  of  insuring  a  cheap  and  unfailing  supply  of  the 
febrifuge  for  the  use  of  the  millions  who  annually  suffer  from  fever. 

''  Fever  is  by  far  the  most  prolific  cause  of  death  in  India,  carrying 
off  very  many  more  than  aU  other  diseases  and  accidents  put  together. 
Provalence  and  1'he  total  number  of  deaths  from  fever  in  India  is  upwards  of  a  million 
to^dL**'  ^^"^^^  *°**  *  ^*^^  annually.    At  least  half  these  deaths  will  eventually  be  pre- 
vented by  putting  some  cheap  form  of  the  cinchona  alkaloids  into  every 
druggist's  shop  in  the  country,  at  one  rupee  per  ounce ;  and  thus  multi- 
tudes will  be  saved  from  death  or  grievous  suffering. 
Difficulties  in     **  '^^^  successful  introduction  of  cinchona  cultivation  into  India  has 

the  introduction  been  a  task  of  considerable  difficulty  in  all  its  stages.    It  was  not  only 
of  the  cinchona  ,  -\  -  .ij.^*  ,, 

tree.  necessary  to  transplant  a  genus  of  plants  from  one  side  of  the  world  to 

the  other,  it  was  also  an  essential  element  of  success  to  convert  wild 
into  cultivated  plants.  This  involved  a  close  study  of  the  climate, 
soil,  and  general  physical  aspects  of  each  region  where  the  valuable 
species  grow  in  their  native  forests ;  a  comparison  of  these  circum- 
stances with  those  prevailing  in  the  East  Indies ;  the  discovery  of  the 
best  npecies,  and  also  of  the  species  best  adapted  to  secure  good  results  in 
their  new  home ;  the  study  of  aU  the  requirements  of  the  plants  under 
cultivation,  without  any  guide,  as  the  cinchona  had  never  before  been, 
cultivated ;  and,  finally,  the  solution  of  numerous  very  complicated 
questions  relating  to  the  best  and  cheapest  form  in  which  the  febrifuge 
can  be  provided  for  general  use. 
Markham'aini-  '*The  task  was  difficult  and  complicated.  Mr.  Markham  undertook 
tlatory  proJect«.  [f^  j^  1859,  and  all  arrangements  connected  with  the  collection  of  plants 

and  seeds  in  South  America,  and  their  conveyance  to  India,  have  been 
made  by  him,  and  carried  out  under  his  superintendence.  His  original 
plan  was  to  depute  collectors  to  the  difi'erent  regions  of  the  Andes 
'Where  the  various  species  flourish,  to  have  the  collections  made  simul- 
taneously, and  to  convey  them  direct  across  the  Pacific  to  India  in  a 
special  steamer.  But  only  a  portion  of  his  scheme  obtained  sanction, 
and  no  steamer  was  provided.  He  was,  however,  determined  that  all 
the  species  should  be  secured  eventually,  and  that  the  work  should  be 
complete,  even  if  it  extended  over  many  year?.  This  has  been  the 
case.    It  has  taken  many  years  to  do  what  might  have  been  done  in 
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one  or  t^  o,  and  the  expooHe  has  been  quadrupled.    Tet  the  whole  work   BBrriBH  nrou. 
is  now  at  last  complete.  Birdwxtd  on 

"In  1859  Mr.  Markham  was  only  able  to  orffanize  three  expeditions :  einehona  eulHva- 
one^  imder  his  own  command,  to  obtain  plants  and  seeds  of  the  Cali- 
sayM  and  other  species  from  Caravay a,  in  Southern  Peru,  yielding  the  peditions  to  Pwu 
yellow  barks  of  commerce;  a  second,  under  Mr.  Pritchett,  to  <^ll®c^ *"AS?JJ*f?^' 
species  in  the  forests  of  Central  Peru,  yielding  the  gray  barks  of  com- 
merce; and  a  third,  under  that  eminent  botanist  Richard  Spruce,  to    Spraoe. 
collect  plants  and  seeds  of  the  Cinchona  suodrubra  in  the  forests  of  Ecua- 
dor, yielding  the  red  bark. 

"In  18tK)  the  whole  of  this  work  was  done,  and  done  thoroughly,  so    Work    aooom- 
iu  as  the  difficult  and  dangerous  part  of  it  in  the  Andean  forests,  and  ^ 
the  conveyance  of  the  plants  to  seaports  on  the  coast  of  the  Pacific, 
were  concerned ;  but  the  failure  to  furnish  the  means  of  direct  convey- 
ADce  to  India  led  to  disasters  which  were  inevitable.    The  plants  had 
to  be  conveyed  across  the  Isthmus  of  Panama,  then  to  England,  then  collecting      and 
iCTOss  Egypt,  and  down  the  Red  Sea  to  India.    The  first  installment  *'*°»P*^"™«- 
from  Soathem  Peru  all  died  on  the  passage,  or  after  reaching  India ; 
bat  the  seeds  forwarded  in  the  following  year  germinated,  and  thus  a 
stock  of  C.  caliaaya  trees  was  secured.    Subsequently  more  seeds  from 
Bolivia,  collected  by  Mr.  Ledger,  wore  received,  and  the  plants  raised  imoo-£d^"S«e«^ 
from  them  have  proved  to  be  an  exceedingly  valuable  variety,  which  anoBucceas  with 
has  received  the  name  of  ledgeriana.    The  second  installment  of  plants,  *^^^ 
consistiDg  of  those  yielding  gray  bark,  was  equally  unfortunate,  but 
thu  precaution  had  also  been  taken  of  obtaining  seeds,  from  which  a 
stock  of  plants  yielding  gray  barks  was  established  in  India.  The  third 
instalhuent,  coming  at  a  cooler  season  for  passing  down  the  Red  Sea, 
was  more  fortunate.    It  consisted  of  plants  of  C.  Buccirvhraf  yielding 

red  bark,  nearly  all  of  which  arrived  safely.  Thus  by  1862  the  arranse-     ^*^™**1  •?.^* 
-    X  •!    1      **    -*»     1  1-  1    x^      i_  .  -  ceaa  by  18e2  with 

ments  made  by  Mr.  Markham  as  regards  the  above  spe<!ies  were  crowned  certain  apeoiea. 

with  complete  success;  but  the  work  of  introducing  all  the  best  spe- 
cies was  still  far  from  finished.  It  remained  to  obtain  the  valuable 
^lecies  fix>m  Ecuador,  yielding  the  crown  barks,  and  also  the  renowned 
species  of  Colombia. 

"Accordingly  Mr.  Markham  obtained  sanction  tor  the  dispatch  of  a     Expedition  of 
collector  to  Cuenca  and  Loxa,  in  Southern  Ecuador,  to  obtain  seeds  of  ^^Sa!^^°    ^™ 
the  C.  officinalis,  the  original  species  of  Linnseus  (afterwards  called  C. 
oiMuIaminea),  from  the  bark  of  which  the  Countess  of  Cinchon  was 
cared.    For  this  service  he  selected  Mr.  Robert  Cross,  an  experienced     Robert  Croaa. 
gardener,  who  had  already  acquired  experience  under  Mr.  Spruce, 
with  instmctions  to  obtain  a  supply  oi  immmIs  of  the  best  Loxa  species 
yielding  crown  bark.    Mr.  Cross  reached  Ecuador  in  1862,  made  a  good 
collection  in  spite  of  extraordinary  difficulties,  and  the  seeds  arrived 
safely  in  India  and  Ceylon,  and  germinated  freely.    Mr.  Howard,  the    Howard. 
well-known  quinine  manufacturer,  also  presented  a  fine  plant  of  C. 
oficmalis  (var  uritusinga),  from  which  a  large  stock  has  been  oblained. 
Thus  the  introduction  of  the  crown-bark  species  was  secured. 

"Mr.  Markham's  next  care  was  to  obtain  and  introduce  plants  of  a  Szpedition  of 
valuable  species  caUed  C.  pitayenns,  which  grows  on  the  slopes  of  the  18«3  to  Colombia. 
central  cordillerai  of  Colombia,  near  Popayan.  For  this  work  he  again 
secured  the  services  of  Mr.  Cross,  who  set  out  in  1863  and  made  a  good 
collection  of  seeds,  but,  owing  to  damage  suffered  in  their  transit,  they 
^  not  germinate.  After  some  delay  Mr.  Markham  obtained  sanction 
fi>i  a  second  attempt,  and  in  1868  Mr.  Cross  again  set  out  for  Colombia,  la^*^^*^***^  °^ 

^  time  with  mure  fortunate  results,  for  tbe  seeds  of  C  pitayentia  col- 
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BBiTiBH  DiDiA.    lectod  by  lijm  near  Popayan  arrived  aafely,  and  germinated  freely  in 

Birdwood   <m  India. 

J*'>«*5^^^*'*-     **  Meanwhile  the  destruction  of  C.  pitnyenHs  in  its  native  forests  led 

the  collectors  to  seek  for  other  trees  in  more  distant  regions,  and  a  new 
bark  began  to  appear  in  the  market,  of  great  value,  known  as  the  C^ 
isaya  de  Santa  F4,  Mr.  Markham  resolved  that  this  species  should  also 
be  introduced  into  India.  The  service  was  one  of  special  difficulty  and 
danger,  for  the  trees  are  only  found  on  the  eastern  cordillera  of  Colom- 
-RTTM-tfii        ii   ^^*»  °®*^  *^®  sources  of  the  Cagnet^.     He  again  intrusted  the  work  to 

Cross  to  Colom-  Mr.  Cross  in  1877,  and  again  his  confidence  in  that  intrepid  and  most 

bia,  1877  and  1878.  ^ble  explorer  was  justified.    In  March,  1878,  Mr.  Cross  arrived  at  Kew 

with  a  good  supply  of  plants  of  the  Caliaaya  de  Santa  F4.^  and  also  of 
the  C.  cordifoliaj  yielding  the  Carthagena  barks  of  commerce. 
Varieties  now     «  Thus  at  leng^th  all  the  valuable  species  of  febrifuge  cinchona  plants 

growing      n       indigenous  to  South  America  have  been  successfully  introduced  into 

India.    They  are  as  follows : 

C  oalisaya  (yellow  barks),  Bolivia  and  Caravaya. 

C.  nitida         ) 

C.  micrantha  Mgray  barks),  Central  Peru. 

C,  peruviana  S 

C.  suooirubra  (red  barks),  Ecuador. 

C.  officinalis  (crown  barks),  Ecuador. 


ISC—  « jisscsLM 


>  Colombia. 


**  The  first  and  most  hazardous  stage  of  the  enterprise  was  the  collec- 
tion of  the  plants  and  seeds  in  South  America,  and  their  conveyance  to 
India.    The  second  and  equally  difficult  stage  was  the  cultivation  and 
Deteiminntion  the  discovery  of  the  species  best  suited  for  India,  as  well  as  the  best 

best   suited    for  method  of  treatment  with  a  view  to  producing  the  largest  percentage 

^*^**-  of  febrifuge  alkaloids  in  the  barks. 

Selection  of     ^^  The  first  step  was  the  selection  of  the  most  suitable  sites  for  the 
plantations,  being  those  having  most  resemblance  to  the  native  habi- 
tat of  the  cinchona.     Mr.  Markhaai  proceeded  to  India  in  1860  to  per- 
form this  duty ;  and  chose  a  site  at  Neddivattum,  on  the  northern 
Neilgherry  slopes  of  the  Neilgherry  Hills,  facing  Wynaad,  for  the  plants  of  C.  8uc- 

sites.  cirubra,  the  C.  calisayaj  and  gray  barks,  and  a  site  at  a  greater  eleva- 

tion, under  the  Dodabetta  Peak,  for  the  C,  officinalis  plants.     He  also 
selected  sites  for  plantations  in  Coorg  and  the  Pulney  Hills,  and,  on 
the  occasion  of  a  second  visit  to  India  in  1866,  in  Travancore  and  Wy- 
naad. 
Conversion   of     "The  successful  conversion  of  the  cinchona  from  a  wild  to  a  culti- 

wild  state  to  cnl-  vated  tree  is  due  to  the  unrivaled  skill  and  ability  of  the  late  Mr. 

tivation.  Mclvor,  superintendent  of  cinchona  cultivation  in  the  Madras  Presi- 

dency. Mr.  Mclvor  propagated  the  plants  with  great  success,  estab- 
lished them  in  the  plantations,  discovered  the  conditions  under  which 
they  would  give  the  largest  yield,  and  also  the  method  of  renewing  the 
bark  by  the  mossing  process,  which  undoubtedly  secures  an  increased 
percentage  of  febrifuge  alkaloids.    The  final  conclusions  are  that  the 

to  Uie*bSlt*varie!  ^'  •^*^''*'*'*^  species  is  best  adapted  for  use  in  India,  and  for  furnishing 

ties  for  use  and  abundant  supplies  of  a  cheap  febrifuge ;  while  the  C.  officinalis  and  the 

or  market.  Colombian  kinds  wiU  be  the  most  valuable  barks  for  the  London  mar- 

ket, and  for  securing  a  remunerative  return  on  the  outlay.    By  Ib^O 
the  Neilgherry  cinchona    plantations  belonging  to  the  government 
Extent  of  plan- covered  1,200  acres  of  ground;  while  private  individuals  i>o88es8ed 

tations.  several  thriving  and  paying  plantations  on  the  Neilgherries  and  in  Wy- 
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naad,  235,747  plants  having  been  distribnted  up  to  1875.     In  the  same   BamaH  raoiA. 
year  there  were  over  a  million  cinchona  trees  in  the  government  planta-      sirdwood  on 
lioiiB.  einehona  culHva- 

"In  1862  a  cinchona  plantation  was  established  in  British  SiiLkim, 
imder  the  superintendence  of  Dr.  Anderson,  plants  of  C.  auodrubra  hav- 
ing been  obtained  from  the  Neilgherry  Hills.  Other  kinds  are  not  plantation  in 
likely  to  flourish  in  the  Sikkim  climate,  but  the  C.  auociruhra  is  well  SikUm. 
established  in  the  Rungbee  plantation.  By  the  year  1875  there  were 
apwaids  of  two  million  plants  of  C.  eucdrubra  at  Rungbee,  and  the 
propagation  can  be  carried  on  with  ease  to  any  extent. 

"Thus  the  second  stage  of  the  enterprise,  namely  the  cultivation, 
was  crowned  with  complete  success. 

"The  thii-d  and  most  important  measure  is  the  supply  of  a  cheap      Prodnotion  of 
febrifuge  to  the  people.   As  soon  as  it  was  established  that  the  C  sued-  ®  **^  ®  rimge. 
rubra  would  be  the  best  species  for  India  a  very  critical  point  arose. 
That  species  yields  a  very  large  percentage  of  total  febrifuge  alkaloids, 
bot  only  a  small  quantity  of  qaiuine.    Mr.  Markham  saw  that  it  was 
of  Yital  consequence  to  discover  the  medicinal  value  of  the  other  alka- 
loids, namely,  cinchonidine,  quinidine,  and  cinchonine,  and  to  ascer- 
tain whether  they,  equally  with  quinine,  possessed  the  precious  £t)bri-c^%a2ueof  the 
ftge  qualities.     He  accordingly  obtained  the  appointment  of  medical  variousalkaloida. 
commiBsions  in  1866,  for  each  of  the  three  presidencies,  to  investigate 
and  report  upon  this  question.    The  result  was  that  cinchonidine  (the 
priooipal  alkaloid  in  C.  iuodruhra)  and  quinidine  were  found  to  be 
quite  equal  to  quinine,  and  cinchonine  inferior,  though  still  efficacious 
ui  larger  doses.    This  was  a  great  point,  for  it  made  a  cheap  febrifuge 
medicine  possible.    The  extraction  of  pure  quinine  is  an  expensive    Result 
process,  but  the  production  of  a  medicine  containing  the  total  alkaloids 
in  the  bark  is  easy  and  simple. 

*'  This  important  fact  having  been  established,  Mr.  Markham  next    Cheap  pi 
urged  the  adoption  of  a  measure  calculated  to  secure  the  final  object  of  the  qu?^.*'* 
introduction  of  cinchona  cultivation  into  India,  namely,  the  preparation 
of  a  febrifuge  medicine  at  the  government  plantations  which  should 
contain  all  the  alkaloids,  and  should  be  salable  at  a  cheap  rate.  With 
this  object  Mr.  Broughton  was  appointed  as  quinologist  on  the  Neil-    Broughton. 
gherry  Hills  in  lUCS,  and  in  1673  Mr.  Wood  received  a  siuiilar  appoint- 
ment for  the  Sikkim  plantations.    Mr.  Broughton  adopted  a  method 
for  the  manufacture  of  his  medicine  which  entailed  the  use  of  alcohol, 
and  was,  therefore,  too  expensive.     Up  to  1673  he  had  made  about  600 
pounds  of  an  amorphous  cinchona  alkaloid,  but  the  essential  requisite 
of  cheapness  was  not  secured.    His  method  was  consequently  aban- 
doned.   Mr.  Wood  began  his  actual  manufacturing  operations  in  1675.      Wood's  odop- 
Hifl  method  is  the  same  as  that  recommended  by  the  learned  quinolo-  ^^  ^^  ^he  De 
gist  of  The  Hague,  Dr.  J.  E.  De  Vrij,  who  calls  the  resulting  product        ?>■<>««■•. 
TMietum,    The  powdered  bark  is  first  exhausted  with  cold  acidulated 
water,  and  the  resulting  liquor  is  precipitated  by  a  caustic  alkali.  Scarcely 
any  fuel  is  required,  and  no  expensive  machinery,  merely  some  wooden 
tubs  and  calico  filters.    There  can  soon  be  yielded  by  this  process  about 
140,000  ounces  of  an  efficient  cinchona  alkaloid  every  year,  at  a  cost  of 
leas  than  1  rupee  per  ounce.    Quinine,  in  England,  is  from  eight  to 
nine  shillings  an  ounce,  and  in  India  the  price  is  much  higher. 

"Thus  the  great  object  of  this  difficult  undertaking  is  on  the  eve  of    Proximate  en- 
^*ing  secured,  and  an  inestimable  blessing  will  be  conferred  upon  In-  **^  wiooess. 
^a,  while  at  the  same  time  the  barks  rich  in  quinine  will  be  sold  in 
^e  London  market,  and  will  repay  all  the  outlay  with  interest.    The 


roooM 
on  re- 
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BBmaH  iHDiA.    sum  of  40,000Z.  was  realized  by  these  sales  in  1877  alone.    While,  un 

Beneflte  of  oin-  ^^®  ^^®  hand,  cinchona  cnlUyation  will  be  a  meet  remuneratiye  public 

chona      cultiva-  work,  on  the  other  it  will  rob  the  malarious  fevers  of  India  of  three- 

tiOD. 

fourths  of  their  victims,  and  will  to  that  extent  diminish  the  amount 
of  human  misery  and  suffering. '* 

HOLLAKD.  HOLLAND. 


From  this  country  very  few  exhibits  of  interest  to  the 
pharmaceutist  were  shown. 

Mouton  sc  Sons.     Moutou  &  Sous,  The  Hague,  exhibited  a  large  collection  of 
pharmaceutical  preparations  and  general  chemical  products 

Sif^vlij.     ^^  fi^®  appearance.     Quinetum  of  Dr.  De  Vrij  was  exhibited 
by  this  firm. 

Dr.  Sanders.        jy^^  Saudcrs,  of  Amsterdam,  exhibited  peptones  of  meat, 
fibrin,  milk,  peptonized  vegetable  albuminoid  substances, 

Pcptonea  and  peptonized  bread,  peptone  chocolate,  peptone  capsules,  so- 
pancrea    e,       i^tions  of  pancreatine,  and  pancreatine  in  substance.    The 

following  account  of  peptones  was  given  in  connection  with, 
this  exhibit  and  published  in  the  Official  Catalogue  of  the 
Dutch  section :  The  establishment  of  Dr.  Sanders  was  es- 
tablished in  1875,  and  the  business  has  grown  to  such  an  ex- 
tent that  ii  requires  a  steam-engine  of  six-horse  power  and 
a  number  of  operatives  to  manufacture  a  sufficiency  of  prod- 
ucts to  supply  the  demand.    The  amount  of  peptone,  in  one 

Prodnction.     lorm  or  another,  turned  out  by  the  factory  annually  is  25,000 
kilos.    Peptone,  known  in  physiology' and  chemistry  as  the 
product  of  the  digestion  of  the  albuminoid  bodies  in  the  in- 
testines, by  means  of  the  gastric  and  pancreatic  juices,  is 
Character  of  distinguished  from  albuminoid  bodies  (1)  by  the  facility  with 
^^    ^'  which  it  passes  through  the  dialyzing  membranes  and  the 

walls  of  the  intestines  and  its  rapid  absorption  by  the  blood; 
(2)  by  certain  chemical  properties,  among  which  may  be 
noted  its  great  solubility  in  water  and  its  non-coagulability 
by  heat,  by  acids,  by  alkalies  or  their  salts,  or  by  sulphate 

Teeuforrecog-of  irou.  Pcptoue  is  casily  recognized  by  its  hygroscopic 
property,  by  the  violet-red  color  produced  by  the  addition 
of  sulphate  of  copper  to  its  solution,  rendered  alkaline  by 
caustic  fixed  alkali,  and  by  the  yellow  coloration  produced 
by  the  addition  of  nitric  acid.  Albuminoid  bodies,  aitei* 
their  conversion  into  peptone  and  absorption  into  the  blood, 
are  there  reconstructed  into  albuminoids.  Thus,  x)eptone 
introduced  into  the  stomach  or  into  the  bowels  by  injection 
Action  and  requires  no  digestion,  and  the  whole  nutritive  efiect  is  pro- 

vnlae  of  peptone.       *  «^  /  x- 

duced  without  drawing  on  the  flagging  energies  of  the  sys- 
tem and  witiiOut  delay;  and  as  peptone  represents  the  prin- 
cipal elements  of  nourishment — albuminoid  substances — ^it  re- 
commends itself  whenever  there  is  need  of  rapid  and  vigor- 
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oos  reparation^  or  in  ca«e8  where  digestion  is  defective  or      hollahd. 
inadeqaate,  as  in  typhoid  fevers,  dysentery,  or  other  intes- 
tinal diseases.    Peptone  is  prepared  by  digesting  meat  by    Peptones, 
exposing  it  in  contact  with  the  pancreas  of  bullocks  at  a  ^' 

proper  and  well-regulated  temperature.   At  the  same  time  a 
peptone  of  bread  is  made,  so  that  by  a  combination  of  the   Mode  of  prep*, 
meat  peptone  with  that  of  bread  a  complete  food  is  made. 
The  strength  of  the  peptonic  solution  is  such  that  one  part 
of  it  represents  three  parts  of  the  digestible  elements  of^^^^^^^ 
meat    It  is  sent  into  market  in  hermetically  sealed  tin- 
boxes,  of  250  grams  each,  at  a  retail  price  of  4  fr.  per  box.   Meat  and  bread 
The  bread  peptone  is  a  thickish,  nearly  dry  mass,  and  is  sold  ^^    ^ 
for  3  fr.  per  box. 

DUTCH  COLONIES.  dutch  ooLoyna. 

The  exhibition  in  this  section  was  very  full  and  varied, 
and  possessed  much  interest  to  the  student  of  natural  his- 
tory. The  most  important  displays — to  the  pharmaceutist — 
were  those  of  the  cinchona  barks  and  of  vanilla. 

De  Groat  &  Co.,  of  Amsterdam,  showed  the  finest  collec-    De  Groat &Co. 
tiou  of  vanillas  in  the  Exposition,  displaying  beans  of  Va- 
niUu  aromatica  from  Mexico  and  Mauritius,  of  V.  plantifoliu 
from  Bourbon  and  Java,  as  well  as  the  spirally-marked  va- 
nilla from  Guadeloupe.    They  had  pure  vanilline  extracted    vanimne. 
from  the  bean  and  artificial  vanilline  in  their  collection.   The 
chief  varieties  of  cinchona  bark — this  bark  now  being  one 
of  the  most  important  products  of  Java — were  exhibited,    cinchona, 
such  as  Cinchona  caloptera^  C.  calisaya,  C.  hasslcarlUmaj  C. 
hndfoliaj  C.micranthaj  C.  officinalis^  C.pahudiana^  and  C suc- 
drubra.   The  first  cinchona  plantations  were  laid  out  in  1854, 
and  in  1873  the  number  of  trees  was  estimated  at  no  less 
than  2,000,000,  from  which  an  annual  product  of  100,000 
kilos  of  bark  is  obtained. 

A  number  of  edible  birds'  nests  were  exhibited,  and  oil  of     Ediwe  birda' 
green  turtle,  coming  from  Dutch  Guiana,  was  noticed  among 
the  specimens. 

ITALY.  ITALT. 


Vanmaa. 


The  manufacture  of  pharmaceutical  preparations  has  made 
comparatively  rapid  advances  within  the  past  few  years  in 
Italy.  While  10,000  kilos  of  sulphate  of  quinine  are  re-  sulphate ofqui 
quired  in  the  country  itself,  the  annual  production  is  nearly  tjkes.*^  ^^ 
double  that  amount.  In  Sicily  large  quantities  of  citrate  of 
quinine  are  prepared  from  the  sulphate  by  means  of  citrate 
of  barium,  and  in  Pavia  and  Milan  large  amounts  of  the 
^erianate  are  manu£Eictured.    Lemon  juice  forms  a  prod- 
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ITALY. 


Lemon  Juice. 


Manna. 


Castor-oil. 


Licotice. 


011ve^)lL 


Prof,  de  Luca. 


net  of  considerable  importance — annual  value  of  export 
(560,000.  As  it  is  almost  exclusively  used  for  the  prepara- 
tion of  citric  acids  in  other  countries,  efforts  are  being  made 
to  extend  tbia  branch  of  manufacture  in  the  country  itself. 
The  collection  of  manna  forms  an  industry  of*  some  impor- 
tance in  Sicily  and  Calabria.  The  exportation  of  flake  manna 
is  39,500  kUos  (worth  (39,500)  and  of  manna  in  sorts  197,400 
Essential  oils,  kilos  (worth  $79,000).  The  manufacture  of  essential  oils, 
oil  of  bergamot,  etc.,  is  likewise  extensively  pursued  in 
Southern  Italy.  In  Northern  Italy  no  less  than  16  estab- 
lishments are  engaged  in  the  manufacture  of  castor-oil, 
enormous  quantities  of  which  are  exported  to  other  Euro- 
pean countries  and  America.  The  raw  material  comes  either 
from  the  province  of  Yenetia  or  Asia  Minor  and  India.  The 
exportation  of  extract  of  licorice  in  1877  was  12,204  quintals 
more  than  the  imports  of  that  commodity  during  the  same 
period.  Olive-oil  was  exported  from  the  kingdom  in  1877 
to  the  large  amount  of  602,301  quintals. 

Professor  de  Luca,  Naples,  sent  an  interesting  exhibition 
of  mannite  obtained  from  the  leaves,  fruit,  and  flowers  of 
the  olive ;  cream  of  tartar  prepared  from  the  leaves,  blos- 
soms, and  fruit  of  the  myrtle. 

Dufour  Brothers,  Genoa,  exhibited  mannite  and  pure  salts 
of  quinine. 

B.  Valeri,  Vicenza;  established  in  1832,  and  employs  50 
operatives  and  14  hydraulic  presses.  The  annual  produc- 
tion is  800,000  kilos  of  castor-oU. 

Luigi  Biseo  Sarnico,  Bergamo,  exhibited  sublimed  naph- 
thaline in  a  compressed  and  in  a  fused  state. 

Alessi  &  Bonaventura,  Messina,  contributed  fine  essential 
oils  of  bergamot,  lemon,  and  bitter  orange,  extracted  by 
hand,  and  concentrated  lemon  juice  for  exportation  to  makers 
of  citric  acid. 

Antonio  Tommasi,  Perugia,  showed  pure  asparagine. 

M.  Donadeo,  Garpanzano,  sent  borate  of  caffeine. 

Lorenzo  Incardona,  Galtanissetta,  exhibited  a  collection  of 
pharmaceutical  preparations,  among  which  were  the  citrate 
and  the  bisulphate  of  quinine,  ferro-cyanide  of  quinine,  and 
granular  effer\'escent  citrate  of  magnesia. 
Fabr.  Lomiwrdi     FabbricaLombarda  di  Prodotti  Ghimici,  Milan,  was  estab- 
lished in  1873.   This  establishment,  founded  by  A.  Boehringer 
Dr.c.Forst     and  uudcr  the  chemical  direction  of  Dr.  G.  Forst,  althongh 
young,  ranks  among  the  most  important  manufJEU^tories  of 
Sulphate  of  quiuiue  of  the  day.    The  annual  production  is  18,000  kilos 
**°     ^  of  sulphate  of  quinine,  extracted  fix)m  over  700,000  kilos  of 

bark — about  a  quarter  of  the  total  amount  prepared  in  Eu- 


Dufour  Bros. 


B.  Valeri. 


L.  B.  Sarnico. 


Alessi  &  Boua- 
ventura. 


Antonio  Tom- 
masi. 

M.  Donadeo. 

Lorenzo  Incar' 
dona. 


CHEMICAL   PROCESSES:    COliMISSIONEB   JENKINS  143 

rope.  The  exhibit  of  the  various  salts,  iodated  and  bro-  "^^- 
mated  derivatives,  etc.,  of  the  cinchona  alkaloids  was  very  Fabr.Lombarda 
fine,  and  included  40  derivatives  of  quinine,  22  of  cinchoni- 
dine,  17  of  qninidine,  16  of  cinchonine,  etc.  At  present  large  suiphftteofqui. 
quantities  of  the  valerianate  of  quinine  are  manufactured,  tives. 
nse  being  made  not  only  of  the  natural  valerianic  acid,  but 
also  of  the  acid  obtained  synthetically  from  amylic  alcohol. 
Tliis  firm,  in  addition  to  the  alkaloids  and  their  salts,  which 
fonn  the  principal  product  of  the  establishment,  exhibited 
a  series  of  compounds  which  are  of  interest  at  present  more 
from  a  scientific  point  of  view  than  for  any  economic  or 
medical  use  they  have ;  for  example,  the  iodides  of  quarter- 
nary  ethyl  and  methyl  bases.  Quinicine  and  cinchonicine  are 
presented  as  examples  of  ti-ansformations  which  the  original 
bases  undergo  when  exposed  to  the  action  of  heat  under 
certain  conditions.  Dihydroxyl-quinine — a  product  con- 
stantly encountered  in  the  urine  of  persons  suffering  from 
quinism  —is  shown,  along  with  a  magnificent  specimen  of 
bromated  quinine— a  compound  not  before  exposed  in  pub-  Bromated  qui- 
lie,  bibromated  cinchonine,  and  bibromated  cinchonidine 
andcinchotenine — all  being  bodies  of  quite  recent  discovery. 
Qninic  and  quinoric  acids  and  some  of  their  salts  figured  in 
tlie  collation.  To  the  ordinary  and  well-known  salts  of  Now  salts  of 
quinine  the  following  were  added :  The  beuzoate,  bromo-  **" 
hydrate,  sulpho-cyanate,  acid  citrate,  nitrate,  and  phloretate. 
By  the  side  of  anethol-quinine,  known  generally  under  the 
name  of  anisate,  the  true  anisate  is  placed,  and  in  juxtapo- 
sition with  the  hydrochlorate  and  of  the  sulphate  of  phenol- 
qniiiiue,  known  under  the  names  of  chloro-phenate  and  sul- 
pho-phenate,  the  true  phenol-snlphonate  is  put.  In  the  im- 
mediate neighborhood  of  a  specimen  of  very  fine  crystals  of 
valerianate  of  quinine,  prepared  with  valerianic  acid  from 
valerian  roots,  were  found  several  preparations  of  special 
scientific  interest,  reprfesenting  salts  of  quinine  with  several 
varieties  of  valerianic  acid,  prepared  by  synthesis.  They 
were— 

(1)  NTalerianate  of  quinine,  containing  the  normal  acid 
(pentylic  acid). 

(2)  Valerianate  of  quinine,  containing  isobutyl-formic  acid. 

(3)  Valerianate  of  quinine,  containing  trimethyl-acetic 

acid. 

(i)  Valerianate  of  quinine,  containing  methyl-ethyl-acetic 

acid 
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mmoABT.  HUNGARY. 

This  country  is  very  rich  in  natural  products,  and  dependi 
mainly  on  them  for  her  subsistence.  The  chemical  and  phai 
maceutical  arts  are  far  from  the  state  of  development  to  b 
seen  in  other  parts  of  the  Austrian  Empire.  The  principa 
exports  of  commodities  of  interest  to  the  druggist  or  chem 
Tanbftrk, bees-  ist  are  tau-bark,  2,000,000  metric  quintals  per  annum ;  bees 
wax,  adds.        ^^^  .^  produced  of  the  value  of  770,000  fr.  per  annum,  a 

well  as  considerable  amount  of  tartar,  taitaric  acid,  ant 
glycerine.  Hungarian  indigo  was  exhibited  by  three  or  fou 
firms. 

Among  the  few  who  exhibited  pharmaceutical  prepara 

tions  may  be  mentioned  the  establishment  of  M4ty4c.  Boz 

raya^*^**  ^*  snyay,  of  Arad,  who  exhibited  a  large  specimen  of  nearl.^ 

colorless  coniine,  and  confections  of  sugar  and  chocolate 
containing  such  medicaments  as  tannate  of  quinine,  san 
tonine,  etc. 
other  Hangar-     Lipot  Flamm,  of  Worsctz,  exhibited  liquid  fish-glue. 

"*        Stabilimento  Prodotti  Chimici,  Fiume,  had  a  display  o 
chemical  products. 

M.  Leugauer  &  Son  showed  a  good  specimen  of  crystal 
lized  tartar  and  tinctorial  substances. 

Gyula  Besz^des,  Duna-Vecse,  contributed  a  collection  o 
chemical  and  parmaceutical  products. 

JAPAN.  JAPAN. 


It  has  become  fashionable  to  call  the  Japanese  the  Paris 

ians  of  the  East,  on  account  of  their  good  breeding,  polite 

iiess,  neatness,  and  cleanliness,  but  more  especially  becaus< 

they  have  equaled  and  even  surpassed  their  antipodes  u 

Thrir  ex  somc  of  the  finer  mechanical  and  metallurgical  arts.    I 

tain  mechant^iwas  impossible  to  visit  the  Japanese  section  without  expe 

M^metoUnrgicai  pjen^i^jg  ^  feeling  of  woudcr,  mingled  with  admiration,  at  th( 

evidences  of  a  superlative  knowledge  and  skill  displayec 
in  most  of  the  exhibits  made  by  this  extraordinary  people 
But  there  are  points  of  diflTerence  between  them  and  th< 
French,  and  this  difference  is  to  be  noticed  in  the  depart 
ment  of  the  natural  sciences  and  the  arts  growing  out  o 
Not  in  chem- them.  Chemistry  and  pharmacy  and  collateral  arts  wen 
SScy  *°^  ^^'' scarcely  represented  at  all,  and  what  few  specimens  then 

were  on  exhibition  were  mainly  natural  products  from  ttu 
vegetable  and  mineral  kingdoms ;  very  few  manufacture! 


Exhibiu  prin-  ^^^^^^^8  wcrc  to  be  seen.    Their  vegetable  products  were  dis 
cipgjy^  n««»»i  played  along  with  dried  specimens  of  the  plants  from  wliicl 

they  were  derived,  or  a  very  perfect  pictorial  represeutatioi 
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of  the  growing  plant  was  suspended  along  with  the  object.       J^^- 
The  botanical,  as  well  as  the  Japanese,  name  was  appended, 
and  also  a  short  account  of  the  properties  and  use  of  the 
drug.    Perhaps  the  most  important  product  exhibited  was 
the  thao  or  Japanese  isinglass,  already  mentioned  under   ^^^^ 
the  head  of  French  GochinChina.    This  costly  and  valu- 
able Bubstance  may,  and  likely  will,  come  into  extensive  use 
in  the  western  world  (many  manufacturers  already  have 
been  using  it  in  a  quiet  way  for  several  years)  5  and  since 
it  is  produced  from  several  species  of  alg8B  growing  around  ,      ^wie  from 
the  Asiatic  coasts,  there  would  seem  to  be  no  reason  why 
^t  might  not  be  manufactured  on  our  coasts.    The  speci- 
>i^«D8  of  marine  plants  exhibited  as  sources  of  the  variety 
gelose  referred  to  were  Eticeuma  spinosa^  Glceopeltis  intri- 
tta,  Oymnongrus  pinnulatus  and  6,  fldbelU/ormi8j  Kalyme- 

dentataj  and  Halochloa  macrantha. 
K.  Tamagawa,  of  Miye,  exhibited  crude  and  prepared   £xhibitor«. 

Mitsut-Boussan-KuaTsha,  of  Tokio,  sent  crude  and  pre- 
X^^red  bees- wax  and  vegetable  coloring  matter. 

R.  Mori,  department  of  Kochi,  Y.  Katsoukoura  and  B. 
-^maka  all  exhibited  indigo  in  fragments  and  in  powder. 

E6-bou-K6zan-Kiokou,  of  the  Bureau  of  Mines  of  the  Min-  Bureau  of 
i-stery  of  Public  Works,  sent  a  handsome  collection  of  min-  Mfnerai  coUec- 
r^erals,  such  as  auriferous,  argentiferous,  and  cupriterous 
ores,  pyrites  of  iron,  magnetite,  hematite,  galena,  graphite, 
tin-stone,  pyrolusite,  mercury,  jasper,  cobalt,  rock-crystal, 
^ates,  quartz,  garnets,  calc-spar,  kaolin,  amber,  native  sul- 
phur, lignites,  etc. 

MONACO.  MONACO. 


This  little  principality  contributed,  through  its  8oci6t6   Soci6t6  indun- 
Industrielle  et  Artistique,  several  new  products  serving:  as  uqu^ 
^tieres  premUres  for  the  perfumer's  art,  such  asodorifer- 
^Q8  principles  of  orris,  musk,  cassia,  tonqua,  and  orange 
flowers,  in  a  concrete  state.    They  were  prepared  by  a  spe-    Perfumery, 
^al  process  not  described  (supposed  to  be  that  of  Millon), 
^hich  yields  products  of  great  concentration  and  of  ex- 
qnisite  x>erfume.    The  advantages  claimed  for  the  prinoipe 
^dorant  de  Viris  is  that  it  retains  the  delicious  perfume  of  the 
^t  free  from  acrid  odorous  matter  which  accompanies  it  in 
tke  extract  prepared  by  the  ordinary  process ;  besides,  it 
^uables  the  perfumer  to  make  a  colorless  tincture  instead 
of  the  usual  colored  one,  and  Anally  it  gives  100  times  its 
volume  of  extract.    The  odorous  principle  of  musk,  likewise 
^e  by  a  new  process,  preserves  all  the  desirable  qualities 
10  p  E ^VOL  4 
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^Q^^^^-  of  the  perfume  to  the  exclusion  of  the  colored  and  nauseous 
Perfumery,  principles  of  the  drug.  Goumarine  or  odorous  principle  of 
the  tonqua  bean,  made  by  the  secret  processes  of  the  society, 
is  very  concentrated,  and  on  dilution  gives  a  colorless  tinct- 
ure. These  remarks  apply  to  the  concrete  essence  of  cassia 
and  orange  flowers.  As  medicaments  the  society  exhibited 
various  pharmaceutical  preparations  of  JEJuedl/gpttis  globulus j  a 
sirup  of  carouba,  and  a  saccharale  of  orange  flowers.  Prices 
were  given  of  several  of  these  preparations,  as  follows : 

Price  of  esaen-  Principe  odorant  de  Pins 300  fr.  the  kilo. 

'''^*^'                    PriDcipe  odorant  da  muse 96,000fr.  the  kilo. 

Goumarine 1, 000  fr.  the  kilo. 

Essence  concrete  de  flours  d'oranger 1, 000  fr.  the  kilo. 

Essence  concrete  de  casse 1,450  fr.  the  kilo. 

Essence  de  rose  de  Provence 1, 100  fr.  the  kilo. 

^ORWAY.  NORWAY. 

The  principal  articles  exhibited  from  this  country  of  in- 
terest to  chemists,  druggists,  parmaceutista,  and  the  medico 
Cod-iivOT  profession  were  cod-liver  oils  of  various  qualities,  amuioni 
salts,  ink,  black-  acal  salts  from  gas  works,  ink  and  blacking,  oxalic  aci^ 
ng,  an  ac  s.     ^^^  from  M  ood  fiber,  and  sulphuric  and  nitric  acids. 
co<SLhoiL*"  **^     ^'  Jordan,  of  Throndhjem ;  P.  Moller,of  Christiania;  C. 
Johnssen,  of  Ghristiansnnd;  Isdahl&  Co., of  Bergen;  J.  H. 
Henricksen,  of  Tromso ;  T.  U.  Borthen,  of  Trondhjem ;  M. 
H.  Astrup,  of  Christiansund ;  0.  K.  Gran,  of  Bergen,  and 
ten  others,  sent  specimens  of  the  oil  of  the  livers  of  various 
species  of  the  codfish. 

The  following  account  of  the  cod-fishery  of  l^orway,  and 

the  manufacture  of  cod-liver  oil,  was  kindly  sent  to  me  in  a 

L.  Monrad  private  letter  by  L.  Monrad  Krohn,  of  Bergen,  a  member 

fJhcr^^  aTd  lo(C  of  thc  International  Jury  of  Recompenses  for  Glass  47  of  the 

veroti.  Paris  Universal  Exposition  of  1878: 

FiBliing  the     ''From  the  earliest  times  it  is  well  known  that  fishing  has  been  the 
?^u8try'^''Nor^»*aP^®  branch  of  industry  in  Norway,  notwithstanding  that  the  Nor- 
way- wegian  coast  is  not  richer  in  fish  than  those  of  England,  France,  and 
the  Mediterranean.    It  has  had  and  still  continues  to  have  its  periodical 
shoals  from  the  Atlantic  of  different  varieties  of  fish — e.  g.y  mackerel, 
herrings,  cod,  etc. — which  visit  the  coast  and  deposit  their  spawn.    The 
daily  production  is  not  more  than  is  consumed  by  the  inhabitants  of 
the  town  and  thinly-spread  populations  along  the  coast. 
Periodical  fish-     ''The  periodical  fisheries  are  of  an  extensive  nature,  covering  an  area 
^^^^  of  not  less  than  200  geographical  miles  along  the  coast,  commencing 

south,  at  Bergen,  and  proceeding  north  as  far  as  the  Lapland  sea. 
"There  are  three  fisheries  of  special  interest  and  great  importance: 

Latitade. 

(1)  At  Sondmore  and  Komsdalen 62^-64^ 

(2)  At  Vestfjord  and  Lofoden G70-(»c 

(3)  AtFinmarken 70O-71o 
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V 

"The  fishing  in  the  »oath  commences  at  Bergen,  Sondmoi'e,  and  Rome-        Norway. 
i  dalen  in  the  months  of  January  and  February,  and  afterwards,  and  not  ^^  Monrad 

I  onfreqaently  at  the  same  time,  in  VestQord  and  Lofoden  Isles,  where  it  KrohnonNorway 

\  continues  to  the  end  of  March,  at  which  time  it  commences  at  Fin-*^    '^^' 

j  mariieo.   The  annual  production  amounts  to  nearly  50  millions,  towards 

\  which  the  ftrst-mentioned  fishery  contributes  6  to  10  millions,  and  the 

second  24  millions,  while  the  third  contributes  10  to  14  millions. 
\  "As  the  fishing  season  commences  in  the  depth  of  winter,  when  the        SeasoDH  and 

\  8ea  is  extremely  rough,  it  is  easily  to  be  understood  that  in  open  boats  P'^o*^^*^"- 

it  is  a  very  hazardous  occupation,  and  gives  but  an  indefinite  supply 
^hen  dependence  must  be  placed  on  the  state  of  the  weather. 

''In  the  cod-fishing  alone  are  employed  upwards  of  20,000  souls,  who        PerHous  «m- 
do  not  live  in  the  immediate  neighborhood  of  the  fish,  but  far  off"  on  the  PWe^l- 
t^oast,  and  put  off  in  their  boats  in  the  severest  weather.    But  now,  in 
^e  present  century,  when  steam  navigation  has  become  so  important      Steamem  om- 
in  this  country,  extending  from  it-s  capital  along  the  coast  to  the  ex-  ^  ^^    ' 
^^^jne  north,  the  fishermen  prefer  to  follow  the  shoals  in  steamers  from 
point  to  point. 

''At  the  chief  i>oints  are  the  fish-curing  establishments,  where  the    Curiug. 
^^^  is  carefully  salted  and  dried,  after  the  interiors  have  been  removed 
'^Ifcerefrom,  and  the  heads,  which  are  made  into  manure ;  the  ova  being 
^^ted  and  barreled  for  the  French  sardine-fishing,  and  the  liver  being 
9e«ared  by  the  oil  manufacturers. 

*'  It  is  probable  that  cod-liver  oil  has  been  made  at  all  times  for  tech-    lutroduction  ot 
liical  use,  and  there  were  known  two  kinds — the  pale  and  the  brown  SS^acv*^^  ^^^ 
**il.   About  the  year  1830  was  introduced  the  first  oil  for  medicinal  use, 
^^d  from  that  time  better  qualities  have  been  demanded  in  Bergen,  the 
<^^ef  market  for  aU  kinds  of  fish  produce. 

''The  exportation  of  oil  for  medicinal  use  has  increased  from  year  to      increaBed  •x- 
yew.    About  the  year  1846  it  became  more  extensively,  used,  Df.  De^y^^^*^°  ^^  ^^^ 
Jong  having  brought  it  under  the  notice  of  the  medical  faculty,  and    Dr.  De  Jong, 
^ixce  then  his  name  has  become  familiar  throughout  Europe.    In  about 
tlieyear  1860  Mr.  P.  Moller,  of  Christiania,  introduced  the  method  of         P.  Moller'i 
^^tracting  the  oil  by  means  of  steam,  which  in  all  respects  is  superior  ©JSrSitiiicf  **  ^^^ 
^^o  the  methods  previously  in  use,  inasmuch  as  the  oil  is  extracted  at  a 
^«finite  temperature,  and  the  more  solid  portions,  which  consist  chiefly 
of  stearine,  remain  in  the  deposit.    Since  that  time  the  oil  has  been  more 
^^^lefolly  prepared,  inasmuch  as  the  consumers  insisted  on  a  better  prod- 
^^ct.   In  order  to  produce  one  barrel  of  oil  (25  gals,  or  120  liters)  in  the    Livers  to  ih© 
^^^smmon  way,  double  the  quantity  of  livers  is  required ;   1,000  livers  bwrel. 
^^eld  one  barrel  of  oil.    But  this  chiefly  depends  on  the  quality  of  the 
"^vers,  which  is  variable,  as  they  do  not  always  consist  of  pure  fat,  i.  e., 
'^oie  spawning.    The  finest  quality  of  oil  now  in  the  market  is  that 
X^wpared  after  Moller's  system,  which  consists  of  subjecting  the  livers       Moller'8  i>ro- 
^the  direct  action  of  steam  in  tinned  pans,  or  by  slowly  treating  the  *'*■•• 
divers  in  pans  inclosed  in  steam  jackets — ^the  latter  to  be  preferred. 

"The  conditions  necesnary  for  a  good  oil  are  these :  (1st)  Livers  from    Conditions  for 

^«<«hly-caught  fish,  and  in  no  case  should  they  be  kept  over  twelve  hours  *  8°*"^  ^^^' 

blithe  net;  (2d)  in  removing  the  liver  gpreat  care  must  be  taken  not  to 

*^jure  the  gall-bladder,  otherwise  the  afterproduct  will  be  of  a  bitter 

^d  disagreeable  taste.    After  the  livers  have  been  washed  with  water 

^d  dried  between  folds  of  cloth,  before  placing  them  in  the  pan  they 

i  aie  subjected  to  the  action  of  steam ;  the  oil  separates  easily  from  the 

I  uver  and  rises  to  the  surface  of  the  water  or  condensed  steam,  while 
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KOBWAY.       through  canvas  bags  or  filters  and  put  into  barrels  lined  with  tin-plate, 
L.  Monrad  ^"^  ^^^^  ^^  these  barrels  in  a  cool  room,  in  order  that  the  stearine  may 
Krohn  on  Norway  deposit. 

Licer  oU.^     ^        "The  fresher  the  liver  and  more  cleanly  the  apparatus  the  paler  and 
Mode  of  pre-  better  in  quality  will  be  the  oil  as  regards  color  and  aroma.     The  bar- 
rels are  allowed  to  remain  in  the  rooms  from  one  to  two  months  at  a 
medium  temperature ;  the  oil  seems  to  undergo  a  peculiar  kind  of  fer- 
mentation, becoming  bright  and  depositing  its  stearine,  more  or  lem^ 
the  amount  depending  chiefly  on  the  pressure  used  in  passing  throng! 
the  filter — so  much  pressure  being  sometimes  used  that  the  oil  contain 
some  25  per  cent,  of  stearine.    This  method  is  much  to  be  preferred 
the  older,  which  consists  in  filtering  through  paper  or  canvas 
thereby  causing  long  exposure  to  the  air,  the  oil  becoming  oxidissed  an 
rancid,  or  at  least  objectionable  in  it«  aroma.    Of  this  cod-liver  oil  t 
Exportation,     annual  exportation  from  Bergen  is  4,000  to  5,000  barrels,  or  125,000 
Ions,  most  part  to  Germany,  England,  France,  Italy,  America,  and  R 
sia.    Whether  this  oil,  almost  free  from  stearine,  is  more  healthy  th 
one  containing  it  is  difficult  to  decide,  but  it  is  evident  that  an  oil  wi 
stearine  can  be  sold  at  a  much  cheaper  rate. 
Old  method  of     "When  there  are  no  appliances  for  the  manufacture  of  cod-liver 
pivparatlon.         jjy  means  of  steam  they  proceed  in  the  old  way,  which  consists  of  p 

ing  the  livers,  unwashed  and  unclean,  in  open  wooden  vessels  and  1 

ing  them  exposed  to  the  air ;  a  sort  of  fermentation  takes  place, 

the  oil  which  exudes  from  day  to  day  is  removed.    As  no  fire  is 

ployed,  and  the  process  is  conducted  in  cold  rooms,  no  stearine  is  p^  tm^i 

duccd,  and  the  oil  will  keep  bright  indefinit<ely.    In  the  outset  thi^      o 

is  of  very  fine  quality,  but  after  the  vessels  have  been  used  from  y-^J 

to  year  the  oil  is  more  or  less  colored  and  tainted,  even  to  rancid.  "■  t^: 

Make  of  oil.      The  finest  quality  of  this  oil  is  chosen  in  Bergen  for  medicinal  use,  ^m.ii 

reported  as  *  oleum  Jecoris  asselti  flavum,*    About  15,000  barrels,  of     3.€ 

kilos  each,  are  sent  to  Germany,  France,  England,  Holland,  and  iS«' 

The  expressed  gium.    After  this  oil  is  extracted  the  livers  are  subjected  to  presava^pc 

^^^-  and  the  resulting  oil  of  a  bad  quality  is  exported  for  manufactuxrli^i 

purposes.    The  annual  exportation  is  about  12,000  barrels.    Thex*^  i 

yet  another  sort,  known  as  *  ol,  jecoris  asselti  flav.  fusiumy  which  is  j>x"*5 

pared  from  livers  left  in  barrels  for  several  months.    It  often  happ^^^' 

The  oil  result-  that  the  fishermen  are  employed  in  fishing  in  distant  waters  and.  ib.x( 

lavedproclMs.*^^ ®^™P®^*^^  '*^  ^®*^®  '^®  livers  collected  by  them  unattended  to  xin.'^'i 

their  return.  In  the  interval  the  livers  undergo  a  peculiar  kind  of  j^  "** 
trid  fermentation,  and  the  clear  oil  very  readily  separates  from  tbe:^===^ 
and  in  consequence  is  of  a  very  clear  deep-brown  color ;  but,  not  bei*-^^! 
exposed  to  the  inclemency  of  the  weather,  it  has  not  become  taintt^^  ^ 
The  best  of  this  product  is  selected  for  medicinal  use,  and  is  that  - 
much  esteemed  and  employed  by  Dr.  De  Jong. 
Anniuvlprodac-     ''The  annual  production  is  about  11,000  barrels,  and  a  large  porti 


of  it  is  sent  to  France,  where  it  is  kept  side  by  side  with  the  Frenc^^^' 
oil  imported  from  the  French  fisheries  in  Newfoundland. 
Oil  by  heat  and     "After  these  several  sorts  of  oil  are  extracted  the  livers  are  subjecte^^ 
pressure.  ^  ^^^  influence  of  strong  heat  in  iron  pans,  and  afterwards  to  pressur^^^ 

thus  producing  a  thick  oil  of  a  dark  color,  used  chiefly  by  the  taonei^^ 

of  chamois  skins.    What  now  remains  of  the  livers  is  used  for  manur^^ 

Diflforenco  be-     "It  may  not  be  uninteresting  to  know  that  there  is  a  decided  diffei^^ 

ers^of  the^north'  ^^^^  between  the  oil  produced  by  '  South  of  Norway'  fish  (Sondmor^^ 

ern  and  southern  Ronisdaleu,  and  Lofoden)  and  those  of  Finmarken ;  that  in  the  sontr  '^ 

is  more  highly  colored,  and  will  keep  clear  at  a  lower  degree  of 
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peratnre  than  the  oil  prepared  at  FiDmarken,  which  is  whiter  and  more       kobway. 


easily  pressed.     I  think  the  reason  is  that  in  the  case  of  the  south  fish,    Codllveroi]. 
by  long  jonmeys  down  the  Gulf  Stream,  and  hy  a  gradual  nutritious    The  fish  lirerR 
Ming,  their  livers  hecome  more  gradually  and  i>erfectly  developed  **^,*^**  J®*"^^®™ 
into  a  firmer  fat,  containing  leas  stearine,  while  those  of  Finmarken  ing  districts, 
are  chiefly  fed  in  the  streams  where  are  enormous  quantities  of  a  small, 
&t  kind  of  fish  (*lodde,*  Ostnerus  aroticus),  the  result  being  that  the 
growth  of  their  livers  is  not  of  such  a  firm  and  perfect  nature. 

^^The  first  importations  of  new  cod-liver  oil  are  brought  to  Bergen  in 
^piil,  the  second  and  third  qualities  at  the  end  of  May  and  June,  and 
^e  other  sorts  in  the  harvest  time,  August. 

"L.  MONRAD  KEOHN, 

<*  Bergen," 

According  to  official  statistical  reports  for  1877  it  is  stated    Production  of 
at  the  number  of  barrels  of  cod-liver  oil  of  all  grades  pro-  is??. 
^^ced  in  Norway  during  the  year  was  130,600,  valued  at 
«64,400fr. 

PORTUGAL.  POKTUQAL. 

Portogal  sent  a  number  of  exhibits  of  honey,  beeswax.      Honey  wax. 
live  oil,  and  twelve  collections  of  chemical  and  pharma-**  ^®**   ®  * 
^^^utical  preparations,  none  of  which  presented  sufficient 
^*^ovelty  to  require  description. 

The  Soci^t^  des  Eaux  Min<!'rales  de  Yidago  ^  Villa  Real,  a  MUieraiwaterH. 
^fcieautiful  village  situated  in  the  fertile  valley  of  the  Oura) 
Exhibited  the  product  of  their  springs  in  bottles.    It  is  an 
excellent  alkaline  water,  similar  to,  and  possibly  superior 
^o,  that  from  the  grande  grille  at  Vichy. 

The  most  extensive  as  well  as  the  most  important  exhibit  wineii. 
^made  by  Portugal  was  that  of  wines,  of  which  it  produces 
^tkhe  best  and  finest  varieties  used  for  medicinal  purposes. 
^ine  ports  were  shown  in  the  wine  section  of  the  vintages 
of  1756,  W,  '97,  1800,  '10,  '16,  '20,  '27,  etc.;  Duoro  wines  of 
tihe  crops  1812,  '16,  '20,  '30,  '40.  Madeiras  of  1820,  '43,  '50, 
^46,  ^56y  were  sent  to  the  Exposition  from  Funchal. 

In  connection  with  the,  wine  exhibit  of  Portugal  it  is  in- 
teresting to  notice  the  comparative  amounts  of  the  various 
"^oes  exjwrted  to  the  United  States  and  to  Great  Britain 
ftr  the  year  1876: 

rv^wIT"  Exports  to 

^^^^     the  United  states 
wines,     j^n^  England  re- 

spectiveij-. 


4<»tbe  United  States 
*<>  Great  Britain 


Madeira. 

Port. 

175 
13,084 

7,384 
2, 057,  C23 

26,900 
65,825 


The  above  figures  represent  deciliters  (about  2J  gallons), 

^d  indicate  pretty  clearly  that  if  the  people  of  our  coimtry 

^toke  use  of  as  much  Madeira  and  Port  wine  as  they  are 

^^credited  with,{?)  they  must  get  them  at  second  or  third 
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PORTUGAL,     hand  and  risk  all  the  danger  attending  the  handling  o: 
wines  and  liqnors. 

PORTUGUESE  COLONIES. 


POBTU6UE8K  COL 
0XIE8. 

Bengnela. 
India. 
Cape  Venie. 


RUSSIA. 


These  were  well  represented.  Benguela  sent  dye-stuffs 
copal,  lichens  for  dyer's  nse.  From  India  there  came  indig< 
and  pistachio  nuts ;  from  Gape  Verde,  ground  nuts,  pain 
nuts,  and  soap  made  of  pistache  oil.  In  this  section  wer 
exhibited  many  articles  without  botanical  names,  and  whicl 
were  not  familiar  in  our  commerce.  The  following  wer 
among  those  recognized :  Gum  arable,  seeds  of  Bicinus  {com 
munis  f)y  sassy  bark,  india-rubber,  palm  oil,  and  tobacco 
At  the  entrance  of  the  building  stood  a  fine  specimen  of  : 
young  Welwitschia  mirabiliSy  a  singular  plant  consisting  c 
two  cotyledonary  leaves,  which  become  greatly  develops 
in  the  course  of  years,  sometimes  acquiring  a  length  of  si 
feet. 

RUSSIA. 


Few  exhibits.       This  extcusive  couutry  presented  little  of  interest  to  t^ 
druggist  or  the  apothecary ;  very  few  collections  of  raw  ii^ 
terials  were  exhibited,  and  not  many  firms  sent  exhibits 
pharmaceutical  products. 
Exhibitors.         V.  Butzkc,  of  Varou^ga,  exhibited  oils  of  Russian  anL 
•    and  mint. 

Chaguine  &  Prokofieflf,  of  St.  Petersburg  employ  1- 
operatives  to  produce  annually  7,500  quintals  of  ^gg  am 
blood  albumen  and  dried  blood  as  manure. 

The  Imperial  Botanical  Garden  of  St.  Petersburg  se 
a  nice  collection  of  pharmaceutical  preparations  extract^ 
fix)m  vegetables. 

V.  Karpinski,  of  Warsaw,  contributed  pharmaceutic? 
products. 

F.  Kuhn,  of  Moscow,  had  on  exhibition  a  superior  quail 
of  protection  for  leather,  rendering  it  supple  and  imperin 

able. 

J.  Stemfels,  of  Leal  (Esthonia),  oil  of  cumin. 

R.  Tetz,  of  Moscow,  made  elastic  capsules  by  means  < 
glycerine,  for  enveloping  medicine,  to  the  value  of  75  t 
80,000  rubles  annually. 

A.  Waag  &  R.  Repmann,  of  Doubrovka,  exhibited  ethi 
rial  oils  of  mustard  and  peppermint. 


SIAM. 


SIAM. 


Among  the  articles  exhibited  by  His  Majesty  the  King 
of  Siam  may  l>e  mentioned  the  few  which  follow,  thej 
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being  the  only  ones  relating  at  all  to  our  part  of  the  Expo-        »''^" 
sition  report :  Black  pepper,  gum  gatta,  birds'  nests,  carda- 
mom seeds,  lac  dye,  gum  benzoin  of  very  fine  quality,  cinna- 
mon, beeswax,  pistcLchea  de  terre^  tobacco,  indigo,  lemon  juice, 
tamarinds,  and  preserved  flowers. 

PERSIA.  PKMiA. 


His  Majesty  Nasr-Eddin  Shah  was  the  sole  exhibitor  from 
his  kiDgdom.  The  articles  of  interest  to  the  readers  of  this 
Wport  were  as  follows :  Indigo,  madder,  nutgalls,  henna,  Exwwt». 
cumin,  saffix)n,  tobacco  from  Shiraz  tor  the  nargileh  and 
^m  Ourmiak  for  the  pipe,  opium,  mallows,  castor-oil  beans, 
dfisaf(Btida,  manna,  and  pistachio  nuts.  Wines  from  Shiraz 
^nd  Kasbin  were  also  exhibited. 

Doctor  Tholozan,  physician  to  the  Shah,  while  in  Paris      ?r.  Thoiorftn 

1  7  *r    t/  7  Qjj  Ijjg   mode  of 

during  the  Exposition,  gave  the  following  information  in  usinir  hmna  in 
'^gard  to  the  mode  of  employing  henna  for  coloring  the 
luiir  in  Persia : 

*'  Hot  water  is  added  to  a  coarse  powder  of  the  leaves,  and  the  paste 
^  applied  to  the  beard,  the  hair,  and  the  nails  (well  washed  previously). 
I^s  is  done  in  a  vapor-bath.  As  the  paste  has  to  be  kept  constantly 
^iioist,  this  first  application  lafits  an  hour  and  a  half  to  two  hours ; 
"^^en  the  parts  are  washed  with  plenty  of  water.  The  henna  gives  an 
^^nge-red  color,  very  beautiftd  on  a  white  beard,  so  that  many  old  men 
^^•e  it ;  but  recently,  with  great  personages,  it  has  become  more  common 
*o  keep  the  beard  white.  Henna  is  very  largely  used,  even  by  peasants. 
*'o  change  the  reddish  color  to  a  fine  lustrous  black,  the  parts  are 
^^ated,  at  the  same  sitting,  with  a  paste  formed  of  another  powder — 
^hat  from  the  leaves  of  a  kind  of  indigo  tree  cultivated  in  Persia.  This 
^  called  reng;  it  remains  applied  about  two  hours.  The  henna  gives 
^^i^erent  colors,  according  as  it  acts  on  white,  fair,  or  dark  hair.  It 
^tciTs  very  quickly  in  moisture,  and  loses  its  properties  in  long  sea-voy- 
^6^8.  Experience  seems  to  have  proved  that  it  gives  suppleness  to 
^^ir,  but  it  causes  it  to  whiten  much  sooner  than  usual.  Fair-haired 
People  always  color  their  hair  black,  but  the  black  is  not  so  intense  as 
^liat  produced  in  persons  of  dark  complexion.  Skin,  reddened  and 
slackened  with  the  two  pastes,  soon  regains  its  natural  color  on  being 
"hashed  with  soap  and  rubbed  with  the  fingers,  whereas  the  dye  ad- 
^ftres  firmly  to  the  ha.r,  which  it  penetrates.  Reng  is  sometimes  used 
*^lone,  and  gives  a  blue- violet  color. '^ 

SPAIN.  8PAIN. 


Spain  sent  an  abundant  mineral- water  product,  no  less  Mineral  waters. 

tbau  63  exhibits  of  natural  waters,  to  the  Exposition,  while 

&he  was  represented  by  20  pitiful  pharmaceutical  displays, 

^  feet  which  might  be  taken  to  indicate  that  the  Spaniard 

tasmore  faith  in  natural  remedies  than  in  those  fabricated 

^y  the  hand  of  man.     The  number  and  variety  of  raw 

^naterials  used  by  the  druggist  and  pharmaceutist,  how- 
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SPAIN. 


Cork. 


ever,  were  quite  large,  and  their  quality  was  in  the  m 
puvo  ou  and  very  good.  In  regard  to  olive  oil  and  wine  the  Spar 
section,  after  France,  made  the  most  extensive  show  ; 
one  which  commended  the  admiration  of  all.  Cork  w 
and  cut  corks  formed  another  large  item  in  the  exports 
this  country.  The  following  drugs  were  noticed  in  the 
Drugs,  dyo8,  lectiou :  Sumac,  caronbas,  liquorice  root  and  extract,  c< 
ineal,  hops,  saf&on,  anise,  chamomile,  carthamus,  mad< 
woad,  honey  and  wax,  opium,  ergot  and  ergotine,  digit 
and  digitaline,  and  cream  of  tartar  made  from  the  leei 
wine. 

MOROCCO. 


neax. 


MOUOCCO. 


TUNIS. 


This  country  sent  a  small  collection  of  drugs  and  8< 
plants  useful  in  perfumery :  Senna  from  Cassia  acuU/c 
cafi  nigre  from  C.  occidentalism  fruit  of  a  Datura^  galls,  gu 
colocynth,  and  a  number  of  other  crude  matters  that  wc 
be  interesting  to  the  visitor  understanding  the  writ 
Arabic  language. 

TUNIS. 

Cumin,  foenugreek,  coriander,  anise,  and  a  long  nar 
variety  of  carraway  seeds  were  among  the  few  exhi 
from  this  country.  There  were  also  pistachio  nuts,  he 
used  for  coloring  the  nails  and  the  teeth,  and  a  few  ot 
specimens  not  worthy  of  special  note. 


UUKECK. 


GREECE. 


This  country  was  not  represented  by  any  pharmaceut 
display. 

8WBDRN.  SWEDEN. 


H.A.Wulff. 


Producta 
of  distillation  of 
wood. 


Fiah^e^g  albn- 
men. 


Aaeptine  and 
Amykoso  Manu- 
fac taring  Compa- 
ny of  Upsala. 


Antiaeptic  pre- 
parations. 


H.  A.  Wulff,  director  of  the  Agricultural  School  of  . 
plerum  at  Kalmar,  contributed  a  collection  of  prodt 
derived  from  the  distillation  of  wood,  such  as  charcoal, 
wood  vinegar,  creosote  oil,  and  turpentine.    He  also  s 
dried  specimens  of  the  Arbutus  uva  ursij  and  tanning 
terial  extracted  from  it. 

T.  O.  Alsing,  of  Koping,  showed  albumen  prepared  fi 
fish  eggs. 

The  Aseptine  and  Amykose  Manufacturing  Compan; 
Upsala  exhibited  proprietary  articles,  as  follows :  Asepi 
for  the  preservation  of  cooked  food,  aseptine  (double) 
the  preservation  of  raw  meat,  aseptine  for  anatomical  pi 
arations.  These  preparations  are  said  to  owe  their  antit 
tic  and  preservative  qualities  to  boric  acid,  and  the  h 
production  for  the  year  1876  amounted  in  value  to  208, 
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fts.,  and  there  were  employed  in   their  fabrication  6,450      bwedkh. 
kilos  of  this  acid. 

Beckman  &  Burmester,  of  Stockholm,  exhibited  a  col-  B^n^^^"*"  ^ 
lection  of  drags  of  the  country  and  preparations  made  from 
el&eiD  according  to  the  formiilsB  of  the  Swedish  pharma- 
oopoeia. 

0.  L.  Bjorkbom,  of  Gothembourg,  exhibited  extract  of  o.L.Bj6rkbom. 
At. 


The  Fish  Glue  and  Gelatine  Manufactory  of  Lysekil  had  a  ^j^^^^^,  ^^"*' 
mimber  of  very  handsome  specimen^  of  icthyocoUa  prepared    icthyocoiii 
the  entrails  of  fishes,  which  is  quite  transparent  and 
lable  in  cold  water,  and  is  specially  adapted  to  the  fining 
wines. 

The  S^bastine  Manufacturing  Company  of   Stockholm  s^bastino 

allowed  an  imitation  of  their  new  explosive,  aibastine.* 

his  substance  is  a  mixture  of  nitro-glycerine,  wood-char-    S6ba8tino:  an 
al,  and  explosive  salts.    The  charcoal  employed  is  care-  ^^  ***  ^** 


lly  selected  and  prepared  in  a  special  manner  not  described, 

(1  serves  to  absorb  and  hold  the  explosive  oil  more  com- 

letely  than  matters  heretofore  employed  for  that  purpose. 

"X^e  explosive  salts  used  furnish  the  oxygen  necessary  to 

t^Tini  completely  the  carbon  of  the  mixture,  and  thus  secures 

trie  conversion  of  the  whole  into  gases. 

In  order  to  explode  s^bastine  it  is  necessary  to  employ   Modoof  asing. 
tlie  usual  detonating  capsules,  since  on  the  application  of 
&e  in  the  shape  of  flame  or  an  ignited  body  the  compound 
simply  burns  away  with  considerable  vigor,  but  without 
^plosion.    The  advantages  claimed  for  this  explosive  are       Advantages 
that  it  is  less  dangerous  than  others  having  nitro-glycerine  ^ 
for  a  base,  the  mass  is  dryer,  and  the  explosive  oil  does  not 
escape  from  it.    The  rapidity  of  its  explosion  is  greater  than 
that  of  ordinary  dynamite,  and  the  efltect  of  its  explosion 
Qinch  more  considerable.    The  annual  consumption  of  s<§bas- 
tine  is  about  70,000  kilos,  and  no  untoward  accident  has 
happened  in  its  use  for  five  years. 

^he  Bamangens  Tekniska  Fabrik  of  Stockholm  exhib-       BarnftneenH 
^ted  extracts  and  odors  for  insifumery,  toilet  soap,  and  inks. 

SOUTH  AND  CRN- 
SOUTH  AND   GENTBAL  AMERICA.  tiial  amkriga. 


The  exhibits  from  these  countries  consisted  almost  entirely 
^^  crude  or  raw  materials,  but  the  collections  were  quite 
^tensive  and  included  many  articles  not  known  in  com- 
merce, and  as  many  of  the  specimens  were  labeled  in  the 

Explosive  articles  were  not  allowed  to  be  brought  into  the  Exposi- 
tion building. 
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80UTH  AND  CKN- 
TRAL  AMBBICA. 


AROKKTINB  BE- 
PUBUC. 


language  of  the  country  and  designated  only  by  their  local 
names,  very  little  information  could  be  got  as  to  their  nature 
and  uses,  the  custodians  in  most  cases  having  no  knowledges 
of  them. 

ARGENTINE  REPUBLIC. 


This  country  contributed  the  largest  number  of  specimen^^^ 
of  natural  history,  among  which  were  vast  numbers  o: 
medicinal  plants,  most  of  which  are  unknown  outside  of  thi 
country  where  they  are  produced,  and  are  as  yet  untri< 
of^S%e°TJgS ^i^^se 5    pimianta  (allspice);    coca;    flaxseed;  jaboram 
moroe.^  ^  ^^^'  Quebracha  wood  and  resin ;  oil  of  potro  (wild  horse),  and  soi 
made  from  it ;  EucalypiMs  globultiSj  and  preparations  mi 
frt)m  it;  preparations  of  matico;  root  of  Capii  caHj  said 
be  very  efficient  as  an  anti-asthmatic  and  diuretic,  ai 
preparations  madefrt)m  it;  resin  of  quebracha;  elixirs 
coca;    guarana,   and  mat6  were  exhibited  from  Buei^^ 
Ayres. 

BOLIVIA. 


BOLIVIA. 


Here  were  a  few  exhibits  of  interest,  among  which 
be  mentioned  cinchona  barks,  matico,  and  coca. 


VKNBZUELA. 


VENEZUELA. 


18 


ducts. 


To  judge  frt)m  the  collections  of  articles  sent  fix>m 
country  to  the  Exposition,  one  must  conclude  that  y&^ 
zuela,  in  many  material  respects,  is  in  advance  of  som^    ^ 
Fine  collection  the  neighboring  countries.     There  were  in  the  coUecti^^^^ 

of  Togetable  pro-  ®  ^ 

many  medicinal  plants  and  parts  of  plants,  woods,  and  o^  ~ 
vegetable  dye-stufb  and  tanning  materials,  cinchona 
and  Bio  Negro  caoutchouc,  copaiba,  sarsapanlla,  simaroul^  ^ 
tonqua  beans,  ceradilla,  resin  of  cedar,  and  cochine^^^}* 
Several  pharmaceutical  preparations  of  no  special  me 
were  exhibited. 

GUATEMALA. 


OUATKMALA. 


From  here  were  sent  copalche  bark  {Orotan  psetidoquina) 
cascarilla;  guaco;  resin  frt)m  native  pines;  copal,  employ 
by  the  natives  as  incense ;  gum  from  Bhizophara  mang.  -^ 
Barks, gums, liquidambar  resin;  caoutchouc  wax  from  Mytica  cerifera^ 

cacBO  w&x  dves  ' 

oils,  etc    '       '  vegetable  suet  from  M.  sebi/era;  several  varieties  of  s 


-a; 


parilla;  wild  vanilla;  wild  cacao  and  divi-divi;  cochin 
indigo;  ambrette;  beeswax;  castor  oil  used  in  lamps,  an^> 
a  purer  oil  for  medicinal  use ;  cocoa-nut  oil  and  corozo  oi 
No  chemical  or  pharmaceutical  preparations  of  note  w< 
exhibited. 


iL 
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HAYTI. 


HATTI. 


Hayti  exhibited  a  few  articles  of  drugs  and  dyes,  the  most 
important  of  which  were  the  following :  Beeswax,  cinchona, 
saffron,  rhubarb,  Palma  christi  oil  (for  lamps),  annotto,  cur- 
coma,  vitivert,  orange  peel,  and  bark  of  orange  tree. 


MEXICO. 


MBXICO. 


This  country  sent  only  essence  of  linaloe  and  resin  of 
Uqaidambar. 

NICARAGUA.  micauaoua. 


Nicaragua  had  a  modest  display  of  articles  in  Glasses  44, 
^,  46,  and  47,  such  as  sarsapariUa,  vitivert,  annotto,  copaiba, 
^6ry  fine  cacao  beans,  liquidambar  in  reeds,  caoutchouc  of.    cacao.mms, 

•  7-1  7  barks,  uuts,tiyes, 

Various  qualities,  some  of  which  was  very  select,  gutta  ©tc 
Percha,  vegetable  wax  of  a  green  color,  nacascola  and  nan- 
^te  barks  for  tanning,  cinchona  barks,  cashew  nuts  (labeled 
St.  Ignatius  beans !),  copalche  bark,  indigo,  starch,  and  croc- 
odile musk. 

SALVADOR. 


SALVADOR. 


This  was  a  well-arranged  collection,  representing  the  fauna 
^«ud  flora  of  the  country.  The  commercial  commodities  in 
^he  line  of  drugs  were  indigo,  wax,  vegetable  aromatic  resins.  Dyes,  oUa,  wax, 
^^ochineal,  purified  oil  of  cocoa,  baumes  du  Salvador ^  quina  du 
^QivadoTj  various  pharmaceutical  products,  and  mineral 
Waters. 

URUaUAY. 


uuuouAr. 


The  exhibits  from  this  little  republic  were  not  numerous, 
^Ud  were  similar  to  those  from  its  neighbor,  Buenos  Ayres. 

PERU. 

Prom  Peru  there  were  specimens  of  nitrate  of  soda,  of 
^Ofiine,  and  a  collection  of  minerals  of  the  country,  cochineal; 
^^inchona  barks  were  also  exhibited,  as  well  as  coca  and 
vanilla. 

SWITZERLAND. 


PBUU. 


8WITZKULAND. 


This  rugged  little  republic  sent  no  crude  drugs  to  the 

Biiposition,  but  she  was  well  represented  in  a  few  of  the 

l>ranches  of  chemical  manufactures,  notably  that  which  is 

^x>ncemed  in  the  production  of  artificial  coloring  matters. 

Tlie  following  exhibits  were  considered  worthy  of  notice : 

V.  Andre®,  of  Fleurier,  exhibited  a  choice  selection  of  vAndroio. 
pharmaceutical  and  hygiinique  preparations,  consisting  prin- 
cipally of  extracts  of  Alpine  plants. 
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Bwi-raBRLAND.       J,  Baumgartiier,  of  Mollis,  had  a  very  superior  glue  or 

J.  Baumgart-  cemeut,  in  the  state  of  ponder,  alleged  to  be  made  of  caseine, 

which  is  quite  strong  and  said  to  resist  the  action  of  water. 

Bindschedler  &  Busch,  A.  Gerber  &  Uhlman,  L.  Durand 

&  HuguenJn,  Louis  Freund,  and  J.  E.  Geigy,  of  Basle,  and 

P.  Monnet  &  Co.,  of  La  Plaiue,  near  Geneva,  all  had  mag- 

color  chwnUtoy.  uiflccnt  displays  of  all  the  novelties  in  color  chemistry. 

Their  exhibits  were  of  extraordinary  beauty,  and  presented 

the  greatest  interest  to  the  chemist  and  dyer.    Attention  h 

recalled  to  them  in  another  part  of  this  report. 

L.  imhof,  non-     Imhof  (Louis),  of  Aarau,  had  a  very  important  exhibit  01 

poisonous  colors.  \  /?  7  •/         r 

coloring  matters  free  from  poison  or  other  offensive  ingredi 
ents,  especially  intended  for  coloring  confections, 
c-  ^^^^^  ^,     0.  Jetzler,  of  Schaff  hausen,  exhibited  "  regenerated  ^  man 
manganese.        gaucsc  produccd  by  a  ncw  process,  and  showed  a  plan  of  th< 

apparatus  used  by  him  for  performing  the  operation. 

A.o.Mathoy,       A.  O.  Mathcy,  of  Neuchatel,  hau  invented  a  polishing  ma 

Dianumtine.     tcrial  for  watchmakcrs,  which  he  calls  diamantine.     H< 

claims  that  it  gives  quickly,  even  on  untempered  steel,  h 

black  polish,  and  that  it  never  leaves  scratches.    The  com- 

position  is  not  given,  but  it  is  regarded  as  consisting  oi 

alumina  in  an  excessively  fine  but  at  the  same  time  crystal- 

Artificial  dia-  line  State.    So-callcd  boron  diamonds  and  artificial  carboD 

™°'*.  *  diamonds  were  also  exhibited  by  the  same. 

A.  Guyot-Lu-     A.  Guyot-Lupold,  of  Ecreuses-Locle,  exhibited  diamaii 

^  tine,  powder  of  rubies,  and  artificial  black  diamonds  fox 

Artificial  gems  drilling  hard  rocks.    These  artificial  stones  cost  about  one 

fur  drilling  and  '^ 

poUshing.  fourth  the  price  of  the  real  black  diamond,  and  supersede 

them  for  most  purposes.    They  are  distiuguished  from  the 
latter,  however,  by  the  absence  of  crystalline  appearance 
and  the  formation  of  a  black  instead  of  a  yellow  powdei 
when  crushed. 
Dr.  Muiier^a-     Dr.  A.  Mullcr-Jacobs,  of  Zurich,  exhibited  a  succedaneun 

cobs. 

for  oil  in  the  production  of  the  turkey -red  dye,  with  whicl 
he  claims  to  be  able  to  produce  absolutely  fiist  and  verj 
fine  violets  and  reds  in  from  three  to  four  days. 

Kothenbiiusicr.  Eotheuhiiusler,  of  Borschach,  sent  a  specimen  of  what  h< 
claims  to  be  "  Veritable  huile  russe  pour  le  cuir." 

Dr.  G.  Wander.  Dr.  G.  Waudcr,  of  Bcruc,  had  on  exhibition  bonbons  o 
malt,  sugar  of  malt,  pure  extract  of  malt,  and  malt  combiner 
in  various  pharmaceutical  preparations. 

UNITED  BTATB8.  UNITED    STATES. 


The  collections  of  drugs,  chemicals,  pharmaceutical  prep 
arations,  etc.,  sent  from  the  United  States  were  well  die 
played  in  handsome  show-cases,  on  well-arranged  systems  0 
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Bhelres,  and  in  large  and  expensively  constructed  kiosques,  u^^itbd  btatbb. 
8ome  of  which  seemed  to  be  out  of  proportion  to  the  limited 
space  allotted  to  onr  section.    The  exhibits  were  all  well  ^i^^^^  ^*^" 
arranged  for  examination,  and  attracted  much  attention, 
principally  on  account  of  the  number  and  magnitude  of  the 
collections  of  pills  conspicuously  displayed.    The  United  J^l^  predomi 
States  exhibits  in  Class  47  differed  in  some  respects  from 
those  of  most  other  countries.     While  Austria,  Belgium, 
France,  England,  etc.,  contributed  almost  exclusively  manu- 
factared  articles,  and  the  English,  French,  and  Dutch  colo- 
nies, China,  South  and  Central  America  sent  crude  drugs 
and  raw  materials,  the  United  States  sent  full  assortments    AMwtineiit  of 
of  indigenous  drugs  and  materidres  premiiresy  as  well  as  nu-  m«rc#  and  mana- 
merous  manufactured  products  in  the  various  departments  dSotk         ^'^ 
of  chemistry  and  pharmacy. 
The  most  extensive  and  complete  collection  of  indigenous    ,  Philadelphia 

,  '^  "  CoUege  of  Phar- 

drugs  in  the  whole  Exposition  was  the  contribution  made  macy. 

by  the  Philadelphia  College  of  Pharmacy.    This  collection 

was  said  to  represent  the  entire  vegetable  materia  medica ,  Compiet©  coi- 

lection    of     the 

growing  in  the  United  States ;  the  specimens  presented  the  vegetable  mau- 
appearance  of  having  been  selected  and  prepared  with  great  united  sta^e.  ^ 
care,  and  they  were  displayed  in  a  very  neat  and  modest 
Banner.    It  was  said  that  this  collection  was  to  be  donated, 
at  the  close  of  the  Exposition,  to  the  ficole  Sup^rieure  de 
Phannacie  de  Paris. 

Tilden  &  Co.,  and  McKesson  &  Bobbins,  of  New  York,    Tiiden  &  Co. 
showed  well-selected  specimens  of  drugs  derived  from  the  Robbin?^**^"  ^ 
vegetable  kingdom;  the  first-named  firm,  along  with  their 
^w  materials,  exhibited  solid  and  fluid  extracts  made  from  tracts,  anc^uuf 
the  vegetables  they  exhibited.    They  also  displayed  a  very 
great  variety  of  sugar-coated  pills  of  fair  quality.    The  lat- 
ter firm,  besides  the  vegetable  drugs  referred  to,  contributed 
a  collection  of  choice  essential  oils  of  American  production. 

Wm.  R.  Warner  &  Co.,  of  Philadelphia,  presented  a  large    w.  r.  wamer 
assortment  of  sugar-coated  pills  and  granules,  which  were    ^sigar^joated 
very  handsome  as  specimens  of  the  art  of  dragSe  manufact-  ^^^^ 
^.    They  were  commended  for  their  uniformity  in  size 
and  finished  surface. 

Hance  Brothers  &  White,  of  Philadelphia,  had  a  fine  dis-*  nance  Bros.& 
1%  of  chemical  and  pharmaceutical  preparations,  including     ^  '  chemicai 
handsome  crystals  of  monobromide  of  camphor,  salts  of  ber-  SiprepSSSonal 
^rine,  nitrite  of  amyl,  a  variety  of  fluid  extracts  in  large 
hottles,  and  a  *'line"  of  sugar-coated  pills  in  large  quanti- 
ties and  of  good  appearance.     The  coating  of  pills  with      Sngar^soated 
s^^  has  developed  enormously  of  late  years  in  the  United  ^ 
States,  and  it  has  become  the  largest  producer  of  this  cla«s 
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uyiTED  8TATRB.  pf  products  111  the  world.     Originating  in  France  many 
Hance  Bros.  &.  ycaTs  ago,  the  art  of  sugar-coating  of  confectioner's  dragSe^ 
became  almost  nniversal  and  very  popular;  it  was  taken  np 
sagarcoated  by  the  apothecarlcs  ostensibly  for  the  purpose  of  disgoising 
the  nauseous  taste  of  drugs.    From  France  the  practice  ex- 
tended to  other  countries  and  found  its  principal  develop- 
ment in  this  country,  where  it  has  almost  replaced  the  old 
style  of  pill,  seriously  threatening  the  occupation  of  the 
regular  pharmacist  in  the  practice  of  his  calling  and  the 
usefulness  of  the  national  pharmacopcBia. 
Advantages     This  ucw  art  has  been  found  not  only  to  cover  the  dis- 
tages  of  the  new  gustiug  tastc  of  the  d^^g  Contained  in  the  pill,  but  nnfortn- 
™*  nately  in  many  instances  it  also  serves  to  cover  light  weights, 

inferior  medicines,  etc.,  as  has  been  repeatedly  shown  by 
critical  analyses  made  and  reported  by  committees  of  the 
American  Pharmaceutical  Association  during  the  past  ten 
years.  The  medical  and  pharmaceutical  professions  in 
Europe  do  not  seem  to  look  with  much  favor  upon  this 
style  of  elegant  pharmacy. 
wyeth&Bro.,  Wycth  &  Bro.,  of  Philadelphia,  exhibited  medicinal 
EUxira  and  elixirs,  comprcsscd  powders,  dialyzed  iron,  saccharated  pep- 

po  wuers* 

sin,  and  some  other  pharmaceutical  preparations  and  spe^cial- 
ties  of  very  handsome  and  prepossessing  appearance  and 
excellent  quality,  all  of  which  were  in  graceful  bottles  well 
adapted  for  the  purposes  of  an  exhibition,  and  inclosed  in  a 
large  and  handsome  show-case. 

Emil  Scheflfer,  of  Louisville,  the  originator  of  saccharated 
pepsin,  was  not  represented. 

The  display  of  pills  which  attracted  the  most  attention 

Schieffeiin  &  aud  cxcitcd  the  most  interest  was  that  of  W.  H.  Schieffelin 

&  Co.,  of  New  York.    Their  vitrine  was  not  large,  but  it  was 

exceedingly  neat,  tasteful,  perfectly  finished,  and,  like  the 

collection  of  the  Philadelphia  College  of  Pharmacy,  it  was 

modest  aud  inviting,  and  their  exhibit  merited  the  compli- 

suporiorcoated  ments  that  were  passed  upon  it.    Their  assortment  of  pills 

was  extensive  and  handsome.    They  had  been  coated  cold 

A  thin,  trans-  and  iu  a  soft  statc  with  a  thin,  transparent,  aud  soluble 

parent^     solablo  /  j.  / 

coat.  coating,  which  adds  practically  nothing  to  their  size  or 

%veight  while  it  protects  the  interior  from  the  atmosphere 
and  prevents  hardening  of  the  mass  by  evaporation.  This 
collection  is  an  example  of  perfection  in  pill  manufacture. 
The  idea  of  enveloping  pills  in  a  coating  of  gelatine,  sugar, 
gum,  resin,  balsam,  etc.,  is  old,  and  has  been  practiced  with 
varying  success  for  a  century;  but  complete  success  has 
never  crowned  the  attempts  to  secure  a  thin,  transparent., 
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quickly  soluble^  and  perfectly  protective  coating  for  pills  pi"tm)  arATEa. 
QQtil  the  sabject  was  taken  up  by  Schieffelin  &  Co. 

Artificial  mineral  waters  and  apparatus  for  preparing  and    Boien  &  Byme. 
dispensing  them  were  handsomely  displayed  by  Bolen  Aan^duUS^" 
Byrne,  of  New  York.    The  qualities  of  their  products  were^P^*"*^ 
tested  with  approval  and  great  satisfaction  by  the  numerous 
thirsty  visitors  to  the  United  States  section  of  the  Exposi- 
tion. 

De  Mortie  &  Co.,  of  Burkeville,  and  T.  D.  Driscoll,  of  ^^^^"Sri^u! 
Well  Water,  Va.,  exhibited  fine  specimens  of  oil  of  sassa-    oaofaaseafra.. 
fras, produced  in  large  quantities  and  at  cheap  rates  in  the 
States  of  Maryland  and  Virginia,  whence  it  finds  its  way  to 
market  piincipally  in  Baltimore. 

Forstall  &  La  Bose,  of  New  Orleans,  exhibited  spirits  of  j^"»^«ii  *  ^ 
turpentine  and  other  products  fix)m  the  Southern  pine.  Turpentine. 

Fritzsche  Brothers,  of  New  York,  sent  a  good  collection  of  FritzwheBroe., 
essential  oils  of  i)eppermint,  etc.  Ewentiai  oua. 

Hale  &  Parshall,  of  Lyons  N.  Y.,  exhibited  specimens  of  ^j^®  ^  Par 
American  essential  oils,  some  of  which  were  turbid  from  Essential  oils, 
some  cause  not  explained. 

H.  G.  Hotchkiss,  of  Lyons,  and  L.  B.  Hotchkiss,  of  Phelps,  ^  g  g^J^J^JJ- 
N.  Y.,  had   large    displays   of  fine   oil   of  peppermint,    oiiof  pepper'- 
The  oils  of  these  makers  has  acquired  a  world  wide  repu- 
tation, and  is  quoted  in  the  market  reports  as  commanding 
the  highest  prices  of  any  peppermint  oils. 

Keith  &  Co.,  of  New  York,  exhibited  a  good  specimen  of  Keith  &  Co., 

oil  of  erigeron.  on  of  erlgeron. 

McKesson  &  Bobbins,  New  York ;  Blackmar  &  Allerton,  Exhibits  of  es- 
Newark,  N.  J.;  A.  M.  Todd,  Nottawa,  Mich.;  the  United "*°^*^^ ^'^^ 
States  Department  of  Agriculture,  Washington ;  and  Wolf 
Brothers  &  Keech,  of  Centreville,  Mich.,  all  exhibited  fine 
specimens  of  essential  oils  distilled  from  American  plants, 
^ong  which  may  be  mentioned  oils  of  erigeron,  of  pepper- 
niint,  of  spearmint,  of  wormwood,  of  tanzy,  etc. 

Rne  specimens  of  oil  of  orange  flowers  and  of  petit-grain 
were  exhibited  in  the  building  of  the  United  States  Agri- 
cultural Department,  in  the  United  States  annex,  but  the 
^m  of  the  producer  was  not  obtained  by  the  reporter. 

Geo.  J.  Faller  of  Philadelphia,  exhibited  sewing-machine    Geo.  j.  Fsu«r. 

nilo  Sewing-ma- 

""«•  chine  oU. 

Frazer  Lubricator  Company,  of  New  York,  had  specimens  Frazer  LubH 

of  their  axle-grease  on  exhibition.  Axio-grease. 

B.  J.  Chard,  of  New  York,  subjected  his  lubricine  to  the  r  j.chard, 
test  of  actual  trial,  in  connection  with  his  lobricating  cups, 
^^  8ome  heavy  steam-machinery  in  the  United  States  sec- 
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usTTM)  STATES.  tioD,  aiid  the  results  of  the  test  were  said  to  be  i 
factory. 

RFreeiand,  Eobert  PreelaDd,  of  Boston,  exhibited  soaps  mai 
by  a  rapid  and  economical  process.  They  presen 
ternal  appearances  of  the  best  articles  of  their  c) 

c.  L.  Hanth-     C.  L.  Hauthaway  &  Sons,  of  Boston,  display ec 

away  &  Sona,  7         r-     ./ 

Blacking.        blacking  and  leather  dressing. 

w.  Drcj  doppie,     William  Dreydopple,  of  Philadelphia,  erected  a 

Borax  soap,     handsomc  monament  made  of  his  borax  soap, 
uct  is  said  to  possess  many  advantages  over  ordi: 
for  bleaching  woolen  goods  and  fabrics  made  of  ] 
a  similar  nature. 

Adams  &  sha-  Adams  &  Shalcr,  of  New  York,  and  D.  M.  Yoi 
***i).M.Toiing.    of  Boston,  exhibited  specimens  of  extract  of  ba 

Bark  extracts.  rtirKr 

F.  w.  Hurtt  &  F.  W.  Hurtt  &  Bros.,  New  York,  exhibited  cheu 
^Porfumery.otc.  fumcs,  and  toilct  articles. 

Leonard&Eiiis,  Leonard  &  Ellis,  New  York,  displayed,  in  quite 
oils.  ^'*^'^^**^«  style,  lubricating  oils. 

F.  s.  Peaao,         F.  S.  Pcase,  Buft'alo,  N.  Y.,  had  a  large  and  att 

LiBhtiiijr   and  lectiou  of  illuminating  and  lubricating  oils  on  ex 

"Mem>n^Rit-     Mellor  &  Eittenhouse,  Philadelphia,  exhibite( 

^^Ex^?^t  of  u-  ^'^^  superior  extract  of  licorice  root.    They  als 

c^rice.  in  their  vitrine  a  specimen  of  jervia  and  one  of 

zine  in  its  ammoniacal  combination. 

Restorff.  Bctt^     Ecstorflf,  Bcttmauu,  &  Co.,  New  York,  showed  tl 

niann  &  Co.,  '  '  '  ' 

Leather  dress-  (b'essiug  and  shoc  brouzc. 
Smith's  Ho-     Smith's  Homceopathic  Pharmacy,  New  York,  wi 
SS^P***"*"  ^^- pathic  globules  had  samples  of  "alkathrepta''  1 
•Alkathrepta."  ^I^jj  from  cacao)  on  exhibition. 

w.  Tiiden,  &     Tilden,  (Wm.),  &  Stokes  and  Valentine  &  Co., 

un?&co.,^^®"' displayed  a  variety  of  very  flue  varnishes.    The 

Varnishes.      informed  that  the  varnishes  of  the  latter  firm  hac 

on  some  of  the  finest  carriages  of  both  America 

ropean  make  in  the  Exhibition,  and  had  receiver 

tering  testimonials. 

Tanyoap     The  Tuuyoap  Manufacturing  Company,  Bostoi 

Manutco,        ^  ^^^  product  resulting  from  the  "partial  oxi 

a  waste  material  from  petroleum  refineries,  whicl 
Leather  dress-  eut  applied  as  a  drcssiug  to  render  leather  soft,  di 

ing.  ,  _ 

water-proof. 
Seabury  &  Scabury  &  Johusou,  New  York,  displayed  a  la 
Plasters.  mcut  of  medicated  and  other  plasters  suited  to  su 
They  are  made  of  the  rubber  plaster  compositio 
claimed  to  possess  many  advantages  over  the  oh 
nal  plaster.    The  appearance  of  this  exhibit  ind 
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great  care  and  taste  had  been  exercised  in  the  fabrication  of  imiTBD  btatks. 
the  products  shown. 


Exhibitors  of  chemical  products  from  the  United  States    ExbibitoiH  of 
were  as  follows :  Sucti.**      *'*^ 

Anthony  Pirz,  Long  Island  City,  who  sent  handsome  crys-    Anthony  Pira. 
talsof  acetate  of  lead. 

HaDce  Brothers  &  White,  Philadelphia,  besides  pharma-   ?i^«<  B">8.^ 
centical  products  exhibited  a  collection  of  products  of  chemi- 
cal manufacture,  such  as  monobromide  of  camphor,  nitrate 
of  amyl,  etc.,  all  of  which  presented  a  hue  appearance. 

Henry  Bower,  Philadelphia,  showed  yellow  prussiate  of   Henry  Bower, 
potash,  sulphate  of  ammonia,  and  pure  concentrated  glycer- 
ine.  The  latter  was  very  dense,  colorless,  free  from  odor, 
and  adapted  in  every  respect  for  all  the  uses  of  a  pure  gly- 
cerine. 

H.  J.  Baker   &    Bro.,  New    York,  exhibited  beautiful    h.  j.  Baker  &. 
specimens  of  pure  castor-oil,  borax,  refined  saltpeter,  cam- 
phor, and  purified  epsom  salts.    They  were  all  prepossess- 
ing in  appearance,  and  were  doubtless  of  fine  quality. 

Charles  T.  White  &  Co.,  New  York,  made  a  fine  display  c.  t.  whit«  & 
of  some  of  the  leading  articles  manufactured  in  their  labora- 
^rj,  handsome  specimens  of  morphia  and  its  salts,  strych- 
nia in  large  bold  crystals,  bromide  of  potassium,  etc.,  all  of 
^bich  indicated  great  care  in  their  preparation  and  excep- 
%al  purity. 

A  new  product  from  petroleum  called  vaseline  was  ex- ,,  chesobrou-u 

L'l.  Monnf.  Co., 

**^^ited  by  the  Chesebrough  Manufacturing  Company,  New    va»eiinc. 
^ork,  and  a  similar  substance  called  cosmoline  was  shown 
^J'E.  F.  Houghton  &  Co.,  Philadelphia.    Apollo  fat,  also   E.r.noasiiton 
^^ed  vaseline,  was  exhibited  by  Gartemberg,  Lauterbach,    cwnnoiine. 
^  Qoidhammer  in  the  Austrian  annex. 

These  substances — ^vaseline,  cosmoline,  and  apoUo  fat — madevJ^pe^^ulT 

^^  claimed  to  have  many  properties  in  common,  and,  fromP^«^  ^^^^ 

^  the  information  obtained  in  regard  to  them,  they  are  sup- 

*^ed  to  be  similar  products  or  educts  from  petroleum,  being 

fixtures  of  various  hydrocarbons  existing  in  or  formed  out 

^^  it,  obtained  by  evaporation  at  a  high  temperature  and 

^peated  hot  liltrations  through  animal  charcoal.    They  are 

^^d  to  be  free  from  chemicals  of  every  description,  odorless, 

^^  nearly  so,  especially  when  recently  prepared,  and  grading 

iu  color  from  almost  white  to  a  yellow  or  orange  tint,  occa- 

^onally  in  the  colored  samples  presenting  a  strong  fluores- 

.        ^noe.    The  latter  property  was  observed  to  be  very  pro- 

k      trounced  in  the  case  of  the  article  called  cosmoline.    Their 

^     insistence  varies  from  that  of  a  thick  oily  fiuid  to  that  of 

)  ■""" 
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uxiTKD  STATES,  q  lardj  111088, 00(1  thej  possess  lubricating  qualities  in  a  ve 
high  degree.  They  are  said  to  be  incapable  of  saponific 
tion,  dissociation  by  hot  steam,  and  not  to  become  ranc 

coMi^iSi!"*'  ^^  ^^®  ^^^'  "^^^  vaseline  of  the  Chesebrough  Company 
nearly  white,  and  is  said  to  be  a  succedaneum  for  fats  a^ 
basis  for  ointments  and  for  other  pharmaceutical  prepai 
tions,  and  well  adapted  to  the  uses  of  the  perfumer  in  t 
process  of  enfleurage  of  pomatnms.  Houghton  &  Co.,  1 
sides  cosraoline,  which  is  recommended  for  the  same  pi 
poses  as  vaseline,  make  a  preparation  which  they  call  o 
molubric,  and  laud  it  highly  as  an  efficient  lubricant  a 
antiincrusting  agent  for  use  in  steam-boilers. 

These  substances  are  comparatively  new  products 

chemical  industry,  possessing  valuable  properties  suiti 

them  for  many  useful  applications  in  the  arts,  and  they  \' 

doubtless  come  into  general  favor  in  the  near  future. 

transfer^^fmm     ^^^  foUowiug  cxhibitors  are  placed  in  Class  47  in  " 

ciA  "*  a  ^^  ^^^^^  United  States  Official  Catalogue  issued  by  the  Commission 

General,  but,  by  decision  of  the  jury  of  that  class,  w 
declared  not  to  belong  to  it,  and  consequently  were 
included  in  the  examinations  by  that  jury : 

R.  J.  Chard:  Automatic  lubricating  cups.  (Thelubric 
of  this  exhibitor  was  not  discovered  until  after  the  visit* 
the  jury.) 

Austin  G.  Day  :  Kerite  insulated  telegraph  wire  and 
bles. 

J.  P.  Evans  &  Co. :  Flaxseed  and  linseed  oil. 

Oregon  State  Commission:  Raw  and  boiled  linseed- 
and  oil-cake. 

Philadelphia  College  of  Pharmacy :  Collection  of  ve^ 
tables. 

Wallace  Brothers :  Plants,  herbs,  and  flowers. 


Keconipen»e«     All  the  exhibits  in  Class  47  that  were  displayed  in  tl 

Agricf  Dept.  an-  United  Statcs  Agricultural  Department  annex  were  creditt 

to  that  department  and  the  recompenses  rewarded  accor 

ingly. 

THOMAS  E.  JENKINS, 

Additional  Commissioner, 
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[  Extnust  from  the  Official  ClaMifloatioiL  J 
CLASS  43.— MINING  AND  IfETALLURQT. 

ColleotioDs  and  specimens  of  rocks,  minerals,  ores.    Ornamental  stones, 
stones.    Refractory  substances.    Earths  and  clays.    Varioos  mineral  prodnots. 
(inlpliur.    Rock  salt ;  salt  from  salt  springs. 

Mineral  friel:  yarloas  kinds  of  coal,  coal  dust,  and  compressed  coal.    Asphalt 
rock  asphalt.    Bitumen.    Mineral  tar.    Petroleum,  etc. 

Metals  in  a  crudo  state:  pig-iron,  iron,  steel,  cast-steel,  copper,  lead,  silyer,  zine, 
Alloys. 

Products  of  washing  and  redning  precious  metals,  of  gold-beating,  etc. 

•  •  •  «  «  «  • 

[NOTK.— The  following  report  refers  to  only  a  portion  of  the  tal^eote  in  the  clafM.  ] 


[In  forwarding  this  report  to  the  Department  of  State,  Mr.  Hague  offered  an  e^ 
nation,  under  the  date  of  December  26,  1879,  from  which  the  following  is 

*^  When  I  had  the  honor  of  accepting,  nearly  two  years  ago,  the  appointment  oF 
ditional  Commissioner  to  the  Paris  Exposition  of  1878, 1  confidently  expected  to 
fully  discharged,  long  before  now  and  to  the  best  of  my  ability,  all  the  obligati< 
incurred  by  such  acceptance. 

^* Among  these  obligations,  as  I  found  after  arrival  in  Paris,  was  the  prepaisti^^*^ 
of  a  report  upon  Group  V  of  the  Exposition.  A  brief  insx>ection  of  the  catalogue,  ho-  ^" 
ever,  showed  this  group  to  be  so  comprehensive  in  its  range,  comprising  exhibits  ^^ 
products  so  diverse  in  character,  that,  after  consultation  with  the  Commis8ioner-G^^^°~ 
eral,  I  determined  to  limit  my  official  investigation  to  some  of  the  exhibits  of  CU»  ^^^ 
embracing  ores,  minerals,  and  the  crude  products  of  mining  industry. 

^*  It  was  my  good  fortune  to  secure  the  aid  of  my  friend,  Mr.  George  F.  Becker,         ^ 
the  United  States  Geological  Survey,  and  lately  of  the  Umversity  of  California,         |° 
making  the  necessary  examination  at  the  Exposition,  and  he  has  contributed 
to  the  paper  which  I  herewith  submit. '^ 
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BODUOTION    AND   BANK   OF   THE   OBEAT   MINING   COUN- ,.*»'»**"»;^i'J 

the  great  mtntng 

TBIES  OF  THE  WORLD,  1876.  *^'J?%,y  ^* 

world,  1876. 

Id  the  Belgian  exhibit  at  Paris  was  displayed  an  interest- 

ig  chart  showing  the  total  quantities  of  coal  and  base  met- 

s  prodaced  in  the  principal  countries  of  the  world,  the 

lantities  per  square  kilometer,  and  the  rank  occupied  by 

Kih  for  the  year  1876.    Such  a  general  statement  seems 

^irable  as  an  introduction  to  the  following  pax)ers,  and  the 

^reH  used  in  plotting  the  chart  have  been  employed  for 

lat  purpose. 

In  the  original,  tonnes  of  1,000  kilos,  or  2,205  pounds,  and  2,^t^\i^y^ 

loare  kilometers  are  the  units  employed.     The  unit  of 

sight  is  so  near  our  own  ton  that  its  conversion  seems  un- 

^^iessary.    The  products  per  square  kilometer  have  been      Square  kUo- 

duced  to  yield  per  square  mile  by  multiplying  by  2.6. 

)ld  and  silver  have  also  been  added  to  the  list  Irom  data 

tained  fix)m  Dr.  A.  Soetbeer's  memoir,  ^^  Edelmetall-prO' 

^um,  Petermann^s  Mittheilungenj  Ergnenzunga-Heft^  No.  57, 

COAL.  ♦ 


Countries. 


^t  Britain 

i&%aia* 

^ted  States 

*Hce 

^nm 

««ria 

»»5ia 

Mn 

'•den 


o 

O 

H 


Tonnst. 

135,477,282 

4H,  451, 871 

41, 000, 000 

17, 047, 762 

14,329,578 

U,  867, 715 

1, 708, 512 

101, 522 

96,674 


Countries. 


1.  Belgium 

2.  Great  Britain 

3.  Prussia 

4.  Austria 

5.  France 

0.  United  Stetes 

7.  Spain 

8.  Russia 

9.  Sweden 


1 


s 


Product  of  coal 
in  Tarious  coun- 
tries, and  per 
square  mile. 


Tonn€9. 
1,264 
1,118 
325    . 
101 
83 
10 
2.6 
0.78 
0.50 


'^ong  the  Gennan  states  Prussia  only  is  represented  in  the  tables,  because  at 
^e  when  the  figures  were  compiled  the  mineral  statistics  of  the  German  Empire 
'ot  been  published. 
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BdaUveprodiut 
of  varimtM  eoiiii> 
triet. 


IBONOBB. 


Iroo  ora> 


Countriea. 


1.  Great  Britain 

2.  United  States 

8.  Pronoe* 

4.  PmsoiA 

6.  BoMia 

8.  LnxembooTg. 

7.  Sweden 

8.  Aosti-ia 

9.  Spain 

10.  Belgium 


1 

H 

AS 


Tonne$. 

17,111,040 

4.600,000 

8,081,026 

2,072,250 

1,935,187 

1,190,729 

787,002 

564,065 

436,686 

209,206 


Conntrieo. 


L  Laxembonrg . 
2.  Groat  Britofii 

8.  Belgiom 

4.  Pnusia 

6.  France 

6.  Austria 

7.  Sweden 

8.  Spain 

9.  United  States 
10.  Rossia 


2V> 

1,20 

14 

2 

1 

1 


*  Figaros  for  1872  (latest  ofUcial  statistics). 

PIG-ntON. 


Pig-iron. 


1.  Great  Britain 

2.  United  Stetes 

8.  France 

4.  Prussia 

6.  Belgium 

6.  Bussia 

7.  Sweden. 

8.  Austria 

9.  Luxembourg . 
10.  Spain 


6,64^896 

2,003,236 

1,449,537 

1,824,338 

490,498 

427,648 

848,257 

273,016 

;s80,500 

66^462 


1.  Luxembourg. 

2.  Great  Britom 

8.  Belgium 

4.  Pn^ia 

6.  France 

6.  Austria 

7.  Sweden 

8.  United  States 

9.  Spain 

10.  Bussia 


2a 

c 

4 

1 


BAB-IBOK. 


1.  United  States 

2.  Great  Britain 

8.  France 

4.  Prussia 

jMTiTDn.  6.  Bussia 

7.  Sweden 

8.  Spain      . 

9.  Luxembourg. 
10.  Austria* 


1,922,000 

1,822,704 

876,000 

814,000 

800,000 

304,056 

167, 719 

41,464 

7,418 


L  Great  Britain 
2.  Luxembourg. 

8.  Prussia 

4.  France 

6.  Belgium 

6.  Sweden 

7.  United  States 

8.  Spain 

9.  Bussia 

10.  Austria* 


STSEL. 


SleeL 


Lead. 


1.  Great  Britain. 

2.  United  States 
8.  France 

4.  Prussia 

5.  Belgium  

6.  SwMon 

7.  Bussia 

8.  Spain 

9.  Austria* 


646,660 

625,996 

254, 101 

120,500 

75,268 

18,786 

8,945 

2,720 


1.  Belgium 

2.  Groat  Britain 
8.  United  States 

4.  France 

5.  Sweden 

6.  Prussia 

7.  Spain 

8.  Bussia 

9.  Austria* 


*Not  stated  in  the  official  statistics. 


LEAD.* 


L 
2. 
8. 
4. 
6. 
6. 
7. 
8. 


Spain 

Prussia 

Great  Britain 
United  States 

Francet 

Belgium 

Austria 

Bussia 


101, 622 

70,207 

£9,606 

68,125 

21,839 

6,963 

4,291 

1,083 


1.  Belgium 

2.  Spain 

8.  Prussia 

4.  Great  Britain 

5.  France 

6.  Austria   

7.  United  States 

8.  Bussia 


*Li  the  absence  of  recent  official  statistics,  Italy  and  Greece  do  not  appear 
table,  in  spite  of  their  importance  as  lead-producing  countries.    The  former  prt 
about  9,000,  the  latter  about  8,000  tons. 

t  Figure  for  1872  (latest  official  statistics),  including  the  wronght  metal. 
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ZINC. 


Cofmtriee. 


a. 

4. 
7. 


Pnutia 

Selgfnm  

-France 

United  States 
Oreftl  Britain 
Hnasia     ... 

Aastria    

Spain 


2bmMt, 

88.634 

40,000 

17,434 

10,091 

0,747 

8.990 

8,979 

2,040 


BtlaHmproduet 
qf  varimu  coun- 
trim. 


1.  Belgium 

2.  Pnusia 

8.  Great  Britain 

4.  Austria 

6.  Spain 

6.  Franco 

7.  United  States 

8.  Bussia 


2bniMf. 
4.420 
0.024 
0.646 
0.838 
0.156 
0.078 
0.052 
0.018 


^According  to  non-official  statements,  crude  metal. 

GOLD. 
[Average  of  the  five  years  1871  to  1876.] 


Conntriss. 

Total  product. 

Coontriea. 

Product  per 
square  mile. 

^  Aurtnlia 

JBTOoff. 

50,900 

59,500 

83,880 

3,500 

2,020 

2,000 

1.720 

DoOofV. 

80,812,000 

89,545,000 

22,184.000 

2,826,200 

1,324.600 

1,829,264 

1. 143, 200 

1.  Australia 

DoUan. 
18.29 

^  XTnited  States 

2.  United  States 

8.  BoliviA 

4.  Russia 

13.07 

3-  Bnaiis 

*-  K^ew  Grenada ! ! 

2.66 
2.66 

S-Mexieo 

6.  Mexico .,,,  r  -..,..,. . 

1.76 

jBoUYia 

6.  New  Grenada ...   

7.  Brazil 

0  80 

'-  Bma 

0.36 



Zinc. 


Gold. 


SILYSR. 
[Average  of  the  five  years  1871  to  1876.] 


Conntriee. 


1  ^;jttoo 

S:  SS5?"!^.:: ::::: 

r.  5t?^ 

a.   g^tria-Hungary 


Total  product. 


JTOof. 

601,800 

664,800 

222,600 

143,080 

82,200 

70,000 

88,650 

11,496 


PounditroM, 

1.612,400 

1.613,200 

696,140 

883,850 

320,240 

187,650 

108.290 

80^800 


Countries. 


!•  Mierioo. .......... 

2.  Germany 

8.  Chm 

4.  BoUTia 

6.  United Btatea.... 

6.  Austria-Hungary 

7.  Peru 

8.  Snsila 


OiMieMCfoy. 

2&45 

22.04 

19.95 

14.81 

6.00 

5.16 

4.60 

ao4 


Sflrer. 


n. 

FHAxcE.  FEANCE  AND  THE  FRENCH  COLONIES. 

FRANCE.* 

Gaulish  mines,     The  mining  industry  of  France  is  of  ancient  origin.    !E 
^tais.**^    ^°  fore  the  Eoman  conquest  the  Gauls  were  familiar  with  gol 

silver,  copper,  tin^  bronze,  and  iron.    Under  the  Eomt 

Roman  expioi-pule  tho  exploitation  of  metalliferous  mines  gave  rise 
some  very  important  and  extensive  works,  which  were  abaj 
doned,  however,  at  the  time  of  the  Northern  invasion,  to  t 

The  saiacens.  rcsumcd  again  by  the  Saracens  in  the  Pyrenees,  the  AI]>i 
and  some  other  districts;  but  it  was  only  about  the  end  ^ 
the  eleventh  century  that  the  mines  of  France  assumed  am 
real  importance.  In  the  thirteenth  century  the  mines  ^^er" 
again  abandoned,  in  consequence  of  the  long-continue^ 
Internecine  wars,  which  disturbed  the  country  and  dispersed  the  labo^ 

broils  of  the  mid-  ^,  ,  -i  ^^i    .-i 

die  ages.  crs.    They  wcrc  not  reopened  until  the  commencement  o* 

the  sixteenth  century,  shortly  after  the  discovery  of  Amen 
ica,  when  greater  depths  in  the  mines  were  made  accessible 
Kthods!"^"*^^  by  the  opening  of  deep-drainage  tunnels,  and  ores  of  lev 
value  were  utilized  by  improved  processes  of  crushing  anc 
separating  the  richer  mineral  from  the  worthless  gangue 
Operations  were  again  arrested  by  the  Thirty  Years'  Wa= 
and  incidental  disturbances.     In  the  eighteenth  century 

^Period  of  Louis  and  particularly  under  Louis  XVI,  some  prosperous  mining 

operations  were  prosecuted  in  Brittany,  the  Pyrenees,  an» 
Introduction  of  in  Central  France.  The  introduction  of  powder  and  of  iir 
proved  mechanical  appliances  increased  the  effect  of  labor 
and  resulted  in  the  working  of  the  mines  at  greater  depth; 
But  this  prosperity  was  only  temporary ;  the  creation  of 
corps  of  mining  engineers  (1781)  and  of  a  school  of  mina 
(1783),  and  the  law  of  April  1, 1810,  which  defined  and  a- 
sured  the  rights  of  ownership  in  mines,  did  not  succeed  r 
reviving  the  industry  in  metal  mining  of  France,  whic 
(not  considering  iron)  today  employs  only  about  4,000  L 
borers,  producing  annually  a  value  of  only  0,356,607  t 
Few  paying  It  is  to  be  remarked  that,  excepting  the  ores  of  iron,  few  * 

except  iron,      'the  metallifcrous  deposits  of  France  are  suflSciently  rid 

and  at  the  same  time  sufficiently  accessible,  to  repay  explc 
tation. 

*  MaiDly  from  the  **Stati8Uqui  de  Vltidusirie  Minirah^  and  other  officia 
sources. 
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Since  the  year  1791  there  have  been  granted  1,233  mining       ruAxcR, 
concessions  of  every  sort.    Of  these  615  were  for  combnsti-    Mining  concee- 
ble  materials,  207  for  ores  of  iron, 225  for  metals  other  than'""** 
iron,  96  for  sundry  substances.    In  1872  there  existed  611    in  i872. 
concessions  of  mines  of  coal,  anthracite,  and  lignite,  cover- 
ing a  superficial  area  of  little  more  than  5,418 J  square  kilo- 
meters (about  2,092  square  miles) ;  251  concessions  of  iron 
mines,  with  a  superficial  area  of  1,187.69  square  kilometers 
(about  458  square  miles) ;  and  222  concessions  of  mines  of 
sundry  metals — embracing  an  extent  in  area  of  2,867.79 
square  kilometers  (about  1,107  square  miles).    At  the  end    in  isrs. 
of  1875  the  number  of  concessions  of  mines  in  France  had 
increased  to  1,256,  of  which  613  were  for  coal  or  mineral 
fuel,  284  for  iron,  244  for  sundry  metals,  and  615  for  various 
substances.     Besides  these  there  are  a  great  number  of 
quarries  from  which  are  obtained  materials  for  construction, 
building-stones,  marbles,   clays,   refractory  earths,   phos- 
phates, ochers,  talc,  barytes,  sulphur,  rock-salt,  alum,  etc. 

Ores  of  copper  are  rare  in  France.  Such  as  are  treated  Copper  ores, 
there  metallurgically  are  brought  from  Bolivia,  Algeria,  and 
Italy;  the  supply  of  metal  from  these  sources,  and  from  the 
'^melting  of  old  stock,  being  supplemented  by  importations 
of  copper  from  England,  the  United  States,  and  Chili,  espe- 
cially the  last-named  country. 

In  addition  to  the  domestic  supply  of  lead  ores  in  France    Lead  ores. 
^i>e  those  sent  from  Sardinia,  Spain,  and  Algeria;  while 
l^ad  is  imported  in  the  pig  from  England,  Spain,  and  Bel- 
^nm. 

Ores  of  zinc  are  mined  and  treated  to  some  extent  in  the    zinc  ores. 
^outh  of  France;  the  principal  portion  of  the  zinc  ores 
Seated  in  France,  however,  come  from  Spain,  Germany, 
^nd  Belgium.    The  crude  metal  is  also  brought  from  Silesia 
^^d  other  sources  for  manufacture. 

The  supplies  of  manganese,  mercury,  antimony,  cobalt,       Manganese, 
^11,  and  the  precious  metals  employed  in  the  industries  of  Son^^Tm,  gSdi 
^^ ranee   come    almost  altogether  from  foreign  countries. J^J^^^. ®*®'  *™" 
^^ilhiii  recent  years  large  quantities  of  nickel  ores  have 
^^^n  sent  to  France  from  IS^ew  Caledonia,  one  of  the  French 
^^^Dlonies  of  the  South  Pacific. 

The  most  important  elements  in  the  mining  industries  of  iron  ore. 
^J^rance  are  iron  and  coal.    The  iron  deposits  have  been 
'^'orked  since  the  time  of  the  Gauls  in  many  localities  where 
tte  ore  was  found  sufficiently  rich  to  be  reduced  in  small 
«liarcoal-hearths.    This  industry  continued  to  increase  stead- 
ily from  the  end  of  the  sixteenth  century,  when  it  first  as- 
«ttnied  a  real  importance,  until  *18<)0,  when  the  necessity  of  Treaucsof  iseo. 
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Iinportation  of 
richer  iron  orea. 


Snbstitation 
of  richer  foreign 
ores  for  the  poor 
native  ores. 


Importation 
and  consumption 
of  iron  ores  in 
France. 


competing  with  foreign  products,  to  which  commercial  treat- 
ies had  opened  the  country,  brought  about  the  importation 
of  richer  ores  from  a  distance  and  even  from  abroad,  with 
which,  by  the  use  of  coke,  it  was  possible  to  produce  iron 
comparable  in  quality  to  that  made  with  charcoal  at  a  higher 
cost. 

This  change  in  the  metallurgical  industry,  together  with 
the  gradual  substitution  of  steel  for  iron,  has  diminished 
the  production  of  iron  ores  of  low  tenor,  which  are  of  very 
abundant  occurrence  in  France,  by  diverting  the  attention 
of  metallurgists  to  the  richer  deposits  of  the  Pyrenees  and 
the  Alps,  where  extensive  and  important  operations  have 
been  undertaken.  NoWithstanding  this,  the  importance  of 
foreign  ores  for  treatment  in  France  appears  to  have  in- 
creased somewhat  in  spite  of  the  loss  of  Alsace  and  Lor- 
raine. 

The  following  table  shows  the  importation  of  iron  ores  into 
France,  in  juxtaposition  with  the  consumption  for  a  series  of 
years.  The  French  tonne  is  1,000  kilos,  or  2,205  lbs.  avoir- 
dupois. 


Year. 


1863 
1872 
1873 
1874 
1875 


ImiK>rtation. 


TonneM. 
117,567 
438,734 
720, 508 
801,249 
832.875 


Consomption. 


Tonnsa. 
8,292,- 
3,105,40aE 
3.418,77s 
8,104,53^ 
3,159,079 


sonrces  of  for-     The  sourccs  upou  which  France  draws  for  iron  ores  majg 

cign  iron  ores.      i^^  ^^^  fj^^  ^^^  foUowiug  table : 


Coontry. 


Algeria 

Sp^ 

Belginm 

»a/y 

Other  countries 

Total 


1873. 


267,832 
175,591 
120,932 
123, 081 
83,572 


720,508 


1874. 


838.282 
186,168 

92,934 
145,070 

40,789 


1875. 


383, 
150. 

132,  sr 

129, 2r 
36, 


801,249        832, 8r" 


Coal 


Goal  was  mined  at  Koche-la-Moli6re,  in  the  valley  of  thL<« 
Loire,  as  early  as  1321.     In  the  sixteenth  century  ther-i 
were  exploitations  in  coal  at  Brassac  and  at  Orand'-Combe. 
mentof  coal  min-  At  the  cud  of  the  Seventeenth  century  coal  mining  was  de- 
^^'  veloped  at  Decize,  and  French  coals  were  sent  to  Paris  in 

competition  with  English  coal,  which  had  been  used  there 

since  1620.    During  the  eighteenth  century  the  coal-mining 

industry  of  France  assumed  considerable  importance.    In 

Ktoam-on^ne^for  1720  the  Vicomto  D6sandroins  discovcred  coal  at  Fresnes,* 

iY?nc2!^^^*  ^  and  in  1734  at  Anzin.    The  first  steam  engine  was  brought 
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to  France  in  1732,  and  employed  in  draining  the  mines  of  _ 

Anzin.    At  tbe  present  day  tbe  collieries  of  the  Compagnie    OoaL 

des  Mines  WAmin  are  the  most  important  in  France,  ^^®^^**™§?^^ 

annual  production  being  about  2,000,000  tonnes,  or  more 

than  one-eighth  of  tbe  entire  product  of  'the  country.    In 

1789  the  coal  mines  of  sixteen  provinces  produced  240,000 

tonnes,  a  quantity  about  equal  to  tbe  coal  importation  of 

that  time.    Since  then  the  production  has  increased  66-fold,  ^^^^^^^ 

while  the  importation  has  increased  about  32-fold,  tbe  latter  ^®^^- 

being  now  only  about  48  i)er  cent,  of  the  native  i>roduction, 

to  which  it  was  about  equal  in  1789,  and  only  33.per  cent. 

of  the  total  consumption,  of  which  it  then  formed  53  per  cent. 

The  French  importation,  exportation,  and  consumption  of  ^3|^^' 

coal  for  three  years  were  as  follows,  in  tonnes :  and'    consamp- 

^  '  tion:  1873-1875. 


Importation. 

Exportation. 

Consmnption 

1873.  . 

8, 028, 660 
7,433,470 
8, 282, 220 

694,670 
747, 050 
671,580 

24,702,380 
23.417,580 
24. 637. 530 

1875. 

. 

More  than  one-half  the  coal  immrted  comes  from  Belgium,  ,  sources  or  fo. 

ok  o^Rtt  ooaL 

«tK)nt  one-third  from  England,  and  an  eighth  from  Germany. 

Of  the  exported  coal  nearly  two-fifths  goes  to  Italy. 

The  manner  in  which  ooal  is  consumed  is  always  an  inter- 
^ting  question  from  a  technological  point  of  view.  The 
following  are  the  data  for  France : 


How  coBBumed. 


Sp^^cilting  worlM 

^Jilwajs 

^c^an  steamers ■ 

J^^er  steamers 

■^  other  ways  (by  diiTerence) 

Total 


1873. 


Tonnet. 

1,042.230 

4, 0C9, 8oO 

2,108,471 

327,700 

71,000 

16, 182, 220 


24,702,380 


1874. 


Tonnet. 

1,110,000 

4,600,500 

2, 031, 110 

281,500 

61, 800 

15, 226, 642 


23,417,530 


1875. 


IfodA  of  oon- 
snmption  of  ooal. 


Tonne$, 

1, 174, 290 

4,880,883 

1, 080, 773 

300,500 

68,000 

10,238,084 


PereenL 
24.58 


\ 


ao3 

1.26 

0.27 

65.80 


24,657,530 


100.00 


By  reference  to  the  articles  on  Great  Britain  and  Austria 
^t  will  be  seen  that  the  percentage  consumption  varies 
6^eatly  in  the  three  countries. 

The  mean  price  of  coal  and  lignite  has  risen  steadily  dur-    Mean  price. 
^g  the  period  covered  by  the  table.    It  was  as  follows : 

Francs. 

hi  1863 11.31 

^1867 12.23 

^1872 13.46 

^1875 15.93 

^ese  are  practically  prices  of  coal,  to  the  production  of 
^^ch  that  of  lignite  bears  a  very  small  proportion. 
12  p  B ^VOL  4 
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Produots  of 


Table  of  the  products  of  the  French  minee. 


Products  of  the  mineral  indnstry. 


Combiutible  minerals : 

Coal 

Lignite 


Total 


Peat 

Raw  iron  ore 


Metallic  ores: 

£2^'.:::::::::::::;::: 

Lead  and  silver 

Antimony 

Manganese 

Nickel  and  cobalt 

Zinc   

Tin 

Iron  pyrites 

Lron  and  copper  pyrites. 


Total 


y  arlons  minerals : 

Baozite  and  alominons  minerals . 

Solpbor 

Bitumen  and  bituminous  schists. 


Graphite. 
RocK-salt . 

Total 


1863. 


Tonnet. 
10, 447, 022 
262, 547 


10,700,569 


421, 342 
4,000,624 


70,870 

305 

106,629 

36 

4,239 

23 


28,717 


210. 819 


1867. 


1872. 


Tofinet. 
12,464,659 
274,029 


Tonnet. 
15,359,195 
443. 310 


12,738,688 


147, 377 

10 

168,364 


315, 751 


826,744 
8,279,395 


75,508 
220 

88,809 

100 

4,434 


550 
'46,'833 


15. 802, 514 


211,554 


1.200 


163,932 
'212,707 


824,823 
3.081,026 


7,653 
817 

77,513 
173 

10, 315 


202 

273 

45, 813 

89,539 


232.298 


m 


Ton 
16,5 

4 


16,9 


1,600 
4,563 

208,130 
1 

191,722 


877, 899  406, 016 


8 
2,5 


1 
1 


1 
2 
3 


*In  former  years  the  crude  ore  as  it  came  from  the  mine  was  entered  in  the  StatiMtiqud^ 
late  years  the  poor  ore  which  is  concentrated  appears  in  the  tables  only  for  the  weight  of  th 
^centUrtion. 
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To  complete  the  foregoing  statement  of  the  products  of 
^he  mining  industry  there  should  be  added  the  products  of 
<)iiames,  concerning  which  accurate  statistical  dafia  are  not 
^'oadily  obtainable.  They  ftimish  building  materials,  hard 
^toDes,  marblesjasper,  agate,  slates,  clays,  phosphates,  etc., 
^hich  in  the  aggregate  form  a  very  important  part  of  the 
^iiineral  resources  of  the  country. 

The  following  table  will  give  a  sufftcient  idea  of  the  for-    Foreign  trade 
^gn  trade  in  ores : 


in  ores. 


Kames  of  minerals. 


i?Pperore». 
«i»ore« ... 

TittOTM  .... 


iese  . 

J«opjritog. 
balphiir 
6«pMte..'.' 
Other  ore* .. 


I^of  gold  and  platinmn 
"PWOf  SflTW 


1873. 


Importa-  Exporta 
tlon.    I     tion. 


Tounet. 

12,U86 

4.591 

25,370 


24,498 

29 

14,41tf 

47,420 

975 

4,298 

KUot. 
32 
4,546 


Tonnet. 
2,512 
1,058 
3,250 


1,661 

1 

14,697 

459 

51 

449 

KOot. 


1874. 


1875. 


Importa 
tlon. 


Tonnet. 

12,631 

7.349 

23,720 

428 

26,014 

27 

11, 785 

46,203 

034 

4,226 

KU09. 
493 
123, 119 


ExpcniA- 
tion. 


Toniua. 
2,848 
1,256 
1,743 


686 

96 

9,893 

114 
78 

924 


104,259 


Importa- '  Exnorta* 
oon.         tion. 


TonnM. 

12,495 

6,462 

25,210 


17,440 

37 

25,755 

38,916 

978 

2,675 

Kilot. 
1.910 
121,356 


Tonnet. 
3,505 
1,746 
2,786 


1,362 

134 

13,770 

58 

55 

40 

KUot. 

"56,"  260 
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StedsttM  of  la- 


in 1872  the  laboring  popolation  employed  in  the  mining  indnstiy 
amounted  to  about  320,000  men,  of  which  number  134,173  were  employed 
in  the  mines  and  peat  works,  19,820  in  underground  quarries,  78,319 
in  open  quarries,  and  86,503  in  metallurgical  establishments.  The  fol- 
lowing table  presents  some  interesting  data  concerning  wages  and  valaa 
of  the  products  of  labor  in  mines  of  different  nature : 


MeMi  of  wages  paid  aonnallj  to  ]abox«n  in  mines  of. 


Yaliie  annually  prodnoed  per  laborer  in  mines  of. 


i 


..< 


Arerage  aimnal  piodaotkm  in  tonnes  of  material  per 
laborer  in  mines  of '. 


I 


Mines  o^— 


Mineral  ftiel . 

Peat 

Iron 

other  metals 
Mineral  fdel . 

Peat 

Iron 

other  metals. 


Mineral  Aiel 

Peat 

Iron 

Manganese 

Iron  pyrites 

Copper  pyrites 

Argentileroas  galena 


1801. 


I1G2  40 
14  40 
Ul  60 
lis  40 
820  00 
26  00 
241  00 
368  00 

2V>fMMV. 

14&60 
18.80 

278l00 
84.80 

106.00 


81.08 


1872. 


$196 
13 
148 
117 
478 
26 
804 
286 


172. 


In  the  abore  table  the  frano  is  reckoned  at  20  cents  United  States  oorrency.    The  tonne  is  L»O0 
kiloB=8,306  ponads. 
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Number, 
tent,  eikd  eqnip- 
ment  of  minet: 
1M8-1872. 


A  general  idea  of  the  condition  of  the  mining  industry  ot  France  is 
expressed  by  the  following  tabular  statement,  showing  the  number, 
extent,  and  equipments  of  mines  in  the  years  named  below : 


18t8. 


1872. 


Hioflalfiiel 


I^. 


Inn 


Other  metalA 


Staminous  eohists,^ 
Utomen,  and  siil-< 
phnr.  ( 


liook-Mlt 


Kumber  of  mines 

Gxeatest  depth feel. 

8t««.«Mine. {SZSSiW« 

Laboren  employed 

Total  piodaction 

Nnmberofexploitiitione 

Laboren  employed  

loioon 


.tonnes. 


C  Nomber 

( Horse-power 


Total  prodm 
Nomber  of  mines 
Number  of  qnorries 

Steam-enf^es 

Laborers  employed . 

Total  prodnotion tonnes. . 

Number  of  mines 

Greatest  depth fiset. . 

Laborers  employed 

Total  produc^on tonnes. . 

Number  of  mines 

Laborers  employed 

Total  production tonnes. . 

Number  of  mines 

Greatest  depth feet. . 

8t«m.ea«toe. {gSSe^wi". 

Hyd»oHoa.gta« ISS^W! 

Laboreas  en^loyed 

loiion. .. 


822 

2,006 

750 

28,970 

78,357 

10,700,058 

1,655 

80,518 

421,842 

92 

814 

53 

787 

14,545 

3,277,805 

50 


4,572 

210, 819 

25 


147,387 

13 

571 

32- 

338 

8 

14 


Total  produ< 


tonnes.. 


168,864 


810 

2,093 

873 

40,824 

91,899 

15, 802, 514 


26,893 

324,607 

81 

282 

47 

755 

9,6a'( 

2,781,790 

51 

804 

4,029 

232,296 

26 

714 

214,293 

16 

869 

85 

492 

13 

147 

1,083 

191,720 


182  UNIYERSAL   EXPOSITION   AT   PARIS,  1878 

^^^^^•»- It  is  not  practicable  to  bring  these  tables  up  to  date,  for 

the  form  in  which  the  statistics  are  published  has  been 
slightly  changed;   nor  is  this  altogether  to  be  regretted, 
since  the  data  are  evidently,  if  accurate,  very  incomplete. 
ticompietenese  Laborers  working  in  the  peat-bogs,  for  example,  certainly 
do  not  work  the  whole  year  through  for  thirteen  dollars, 
and,  if  not,  the  corresponding  data  as  to  the  number  em- 
ployed give  no  idea  as  to  the  amount  of  work  done. 
Fluctuations  in     The  pricc  of  labor  has  risen  since  1872.    In  1875  the  mean 
dIf^uonp°r  moo.  wages  paid  colliers  was  $211.65.    The  production  per  man 
in  the  coal  pits  has  notwithstanding  diminished.    In  1875 
it  was  15G  tonnes,  against,  172.5  in  1872.    This  falling  off  is 
possibly  due  to  the  increased  depth  of  the  mines,  but  the 
difference  is  very  large  to  be  accounted  tor  in  this  way. 
Number     Engineers  will  be  able  to  gauge  the  extent  of  the  mining 
stoam^^es  ia  industries  of  Fraucc  in  1875  by  a  glance  at  the  following 

French     mines:  .    •.  •        /»  xt.  it  i*  ^i.       j.  ••  . 

1875.  table  of  the  number  and  power  of  the  st/eamengines  m  use 

in  that  year : 


Charaoter  of  the  mines. 


Coal  or  other  fiael . 

Iron 

Other  metals 

Total 


Kmnber  of  en- 
gines. 


Eqniyalentin 
horse-power. 


4S. 
I, 


51, 


Anzin  Coal  The  Auzin  Cool  Mining  Company. 

Mining  Co. 

The  Coal  Mining  Company  of  Anzin,  as  has  been 

tioned,  is  the  largest  in  France.    Its  property  covers  28,(K-E 

hectares,  or  about  108  square  miles,  and  it  produces  a^i 

Extentandpio-  uually  abovc  2,000,000  tonnes  of  coal,  employing  15,000  m^^i 

duction.  12,000  below  ground  and  3,000  on  the  surface.    K  the  fee^J 

ties  for  drainage  were  good,  from  5,000,000  to  6,000,000     < 
tonnes  might  be  produced. 


Excellent   ex-     The  exhibit  of  this  company  was  particularly  compl'^31 
and  geotogi^.    and  instructive.    Not  only  was  very  full  statistical  infon:*3- 

tion  furnished,  but  geological  specimens  illustrating 
deposits  were  t^  be  seen,  as  well  as  samples  of  coal  and^ 
artificial  fuel,  the  tools  employed,  and,  above  all,  a  ma 
cent  model  of  a  portion  of  the  coal-seam,  with  the  un 
ground  and  surface  works  accurately  carried  out  to  a 


Model  of  mine  of  ouc-tenth.    This  modcl  was  as  large  as  a  small  hoc«^^ 

and  mode  of  ex-  ^  — 


pioitation.         A  passagc  led  into  the  lower  part  of  the  structure,  where 

folding  and  faulting  of  the  coal-seams  and  their  relation 
to  the  overlying  and  underlying  strata  were  admirably 
hibited.     The  passage  also  led  to  a  representation  of 
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FBANOI. 


Model   of    the 
mines  and  works. 


ondergroond  working,  where  were  seeD*  the  division  of  the 
ground  on  the  panel-work  plan,  the  method  of  breasting 
the  coal,  the  transpoi-tatiou  of  the  cars  by  the  tail-rope  ^^^^^"^^ 
aud  endless-chain  systems,  and  the  hoisting  through  the 
shafts,  in  complete  detail.  The  safety  apparatus  is  that 
of  Cousin,  mentioned  elsewhere.  Ascending  a  stairway  one 
reached  a  model  of  the  surface  works,  including  the  build- 
ings, engines,  coal-screens,  etc.  In  short,  from  the  excel- 
lent disposition  and  execution  of  the  model,  the  mines  could 
be  studied  almost  as  well,  and  much  more  easily,  than  on 
the  ground. 

The  Anzin  Company  washes  its  own  coals,  aud  manufact-^^^^^JJ'^/ 
ares  coke  and  artificial  fuel.    This  latter  branch  is  one  of  ^^'^^^^^ 
great  importance,  the  product  being  no  less  than  160,000 
tonnes  per  year.    For  the  purpose  of  sustaining  it,  the  com- 
pany hjvs  been  obliged  to  establish  a  tar  distillery,  the  liquid 
products  of  which  are  rectified  and  sold.    The  company 
o^ns  845  coking  furnaces  and  manufactures  300,000  tonnes 
of  coke  a  year. 

The  usual  arrangements  for  the  material  and  intellectual 
"^^clfere  of  the  workmen  and  their  families  are  provided  on 
^»  liberal  scale  by  the  company. 


Products  of  the  French  smelting  works. 

To  supplement  the  foregoing  tables,  information  is  given 
jlow  concerning  the  yield  of  the  French  metallurgical  in- 
^iustries.     In  this  connection  it  is  important  to  observe, 
^^hat  has  already  been  noted,  that  French  works  draw  a  very 
iTge  portion  of  their  ores  and  crude  metal  from  abroad. 

Iran  and  steel  produced  in  France. 


Smelting  works. 


Years. 


Iron  and 
steel  prodaoed  in 
France. 


SteeL 


3-WO. 
^878* 


112. 500 

74,200 

266,362 
347, 774 
461,653 
808,353 
1, 178, 114 
1, 305, 657 

138,460 
237,370 
246,106 
532,212 
830,786 
870, 312 

4,915 


0,263 

10,981 

29,849 

94,387 

230,829 


*  These  data  differ  somewhat  from  those  given  In  the  ^'Anmiairc  det  Minei,  d'apri$ 
^'^ttniu  des  tninet.'' 
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FRAACB. 


CMter  metals  produced  in  France. 


Production  of 
other  metals  than 
Iron  in  France. 


Metals. 


Copper  and  brass . 
Lead  and  litharge. 

Zinc,  crude 

Nickel,  crude 

Alnmlninm,  erode 


Silver,  fine. 
Gold,  fine.. 


1S63. 


Tonnei. 

14,762 

23,652 

1,175 


KU09. 
44,409 
600 


1867. 


1872. 


TonntM. 

18,016 

27,701 

8.485 


1.7 

£00*. 
41.080 
787 


Tonne*. 

21.455 

21.486 

8,245 

877 

L8 

Kilog. 
34,454 
410 


1976. 


IVmiMt. 
25.066 
27.163 


12.78S 


KUe§. 
48,914 
890 


Giant  powder. 


Relative  explo- 
sive power  oidy- 
namite  and  gun- 
iwwder. 


Production  in 
yobel&Co.'s  fac- 
tories in  Ger- 
many and  Aus- 
tria. 


Relative  danger 
ofnitro-glycermo 
and  gunpowder 
works. 


As  to  spontane- 
ous decomposi- 
tion and  ignition. 


Behavior  of  fro- 
zen nitro-glycer- 
ine. 


CHant'powder. 

It  is  familiar  to  every  one  that  the  use  of  dynamite  or 
giant-powder  has  increased  enormously  during  the  last 
years,  in  consequence  of  its  greater  explosive  power,  which 
may  be  estimated  at  from  four  to  five  times  that  of  ordinary 
black  powder ;  indeed,  according  to  experiments  made  by 
order  of  the  Prussian  Government,  the  relation  is  as  1  to  6.7. 
Exact  data  as  to  the  quantity  of  dynamite  used  are  not  ac- 
cessible, but  from  1875  to  1878  the  factories  of  Nobel  &  Co., 
in  Germany  and  Austria,  alone  manufactured  2,607  tons  a 
year  of  this  explosive,  which  is  equivalent  to  about  10,000 
tons  of  black  powder  per  annum,  which  is  not  far  from  the 
amount  of  the  latter  yearly  produced  in  England. 

The  preparation  of  nitroglycerine  explosives  has  been 
popularly  supposed  to  be  excessively  dangerous.  Figures, 
however,  would  seem  to  show  that  this  is  a  mistake,  at  least 
w]ien  the  operations  are  conducted  with  skill  and  care. 
There  were  only  two  explosions  involving  loss  of  life  in  the 
German  and  Austrian  dynamite  factories  above  mentioned, 
against  twenty-four  in  England  in  the  saltpeter-powder  fiac- 
tories  during  an  equal  period.  A  dozen  years  or  more  of 
the  use  of  dynamite  have  also  shown  that  when  made  with 
even  moderate  care  spontaneous  decomposition  and  ignition 
do  not  take  place,  at  least  within  four  or  live  years  after  the 
material  has  been  prepared.  Another  point  upon  which 
some  misapprehension  has  existed  is  the  behavior  of  frozen 
nitro-glycerine.  It  has  been  supposed  that  in  the  solid  state 
nitro-glycerine  and  the  explosives  of  which  it  is  the  base 
were  much  more  dangerous  and  more  easily  fired.  It  ap- 
pears to  be  true  that  cutting  frozen  nitroglycerine  with  an 
iron  tool  may  induce  an  explosion ;  it  is  said,  however,  that 
an  explosion  may  even  more  readily  be  produced  by  similar 
means  at  a  temperature  exceeding  the  melting  point  of  nitro- 
glycerine (7  or  8  degrees  C).  In  experiments  made  by  ar- 
tillery officers  in  Austria  it  turned  out  that  fluid  nitroglyce- 
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rine  placed  upon  an  iron  plate  has  exploded  by  the  impact      ^^^^ 
of  a  rifle-ball  at  a  distance  of  a  thousand  paces,  while  when 
frozen  the  distance  had  to  be  diminished  to  sixty  paces  in  ^JJ^SS^^^ 
order  to  produce  the  same  effect.    It  is  also  known  that^^ 
mnch  stronger  percussion  caps  have  to  be  used  in  firing 
cartridges  of  frozen  dynamite  than  in  those  where  the  ex- 
plosive is  in  its  normal  pasty  condition. 

Besides  samples  of  the  ordinary  preparations  of  nitro-  Dynunite-gum. 
glycerine,  there  was  exhibited  at  Paris  a  new  explosive  in- 
vented by  Mr.  ITobel,  and  called  dynamite-gum  or  explosive- 
gm.   This  is  a  mixture  of  collodion  with  nitro  glycerine    itonatue. 
containing  from  93  to  94  per  cent,  of  the  explosive  compound. 
The  two  substances  are  ndxed  in  such  a  manner  that  the 
product  forms  a  gelatinous  solid.    In  this  new  shape  the 
nitro  glycerine  exhibits  somewhat  different  properties  from 
those  of  the  well-known  preparations.    When  not  confined — 
exploded,  for  example,  on  a  piece  of  boilerplate — the  dyaa-    BehaTior. 
mite  gum  produces  less  effect  than  No.  1  giant-powder;  on 
the  other  hand,  when  confined — as,  for  instance,  in  a  drill- 
hole^the  effect  is  50  per  cent,  greater.    The  new  explosive 
is,  fnrthermore,  vastly  less  sensible  to  shocks  than  other    LeMMBtibieto 
similar  mixtures.    A  chassepot  ball,  striking  the  gum  at  a  *  ^ 
ninge  of  only  25  meters,  fitiled  to  produce  an  explosion.    It 
is  consequently  applicable  to  the  filling  of  shells  and  to 
other  military  uses.    Furthermore,  water  has  no  effect  upon ,  water  ndst- 

4\'  T^i  quality. 

this  substance.  As  to  the  permanency  of  the  compound,  the 
invention  is  too  new  to  speak  with  absolute  certainty ;  but 
cartridges  kept  for  over  a  year  in  the  air  and  under  water 
show  no  sign  of  any  change. 

.  In  a  private  letter  the  general  manager  of  the  Sociiti 
Oeneralepour  la  Fabrication  de  la  Dynamite  says :  The  com- 
parative tests  which  have  been  made  on  blocks  of  lead  shown 
in  our  exhibit  gave  the  following  relations  between  the 
^^ons  explosives  by  volume.  These  relations  may  be  re- 
garded as  those  of  the  strength  of  the  powders : 

Military  or  mining  powder 1                Explosive 

Dyuamite  No.  3 5     IropowdOTjSte*' 

Dynamite  No.  1 7.5 

Dynamite  No.  0  (cellolose  base) 8. 5 

Dynamite-gnm 10 

Safety  apparatus.  mtuf^**^*^^* 

There  were  various  safety  apparatus  exhibited  at  Paris, 
^or  the  most  part  modifications  of  devices  already  fiuniliar 
^  mining  men.    M.  Cousin's  apparatus,  invented  a  couple   couttin. 
^^  years  before  the  Exhibition,  however,  possesses  some 


186  UNIVERSAL   EXPOSITION   AT   PARIS,  1878. 

r^j^c^      novel  features.    The  clutch,  iustead  of  acting  on  the  guidei 

in  case  of  accident,  clasps  a  rope  extending  from  the  top  ti 

ap^tSi?fOTde^  ^^®  bottom  of  the  shaft.    The  lower  end  of  this  safety  rope 

vatora.  ig  fixed,  but  the  upper  end  passes  over  pulleys,  and  is  at 

tached  to  a  string  of  graduated  weights,  the  upper  one  o\ 
which  is  the  lightest.  Consequently,  when  the  safety  clutcl 
seizes  the  roi>e  the  arrest  of  the  cage  is  not  instantaneous 
the  safety  rope  is  drawn  down  until,  one  weight  after  an 
other  being  raised  from  the  ground,  the  cage  and  its  loac 

Deacription.  are  counterbalanced.  This  is  an  ingenious  construction 
and  no  doubt  insures  a  gradual  arrest  of  the  motion  of  th< 
cage,  and  prevents  the  destruction  of  guides.  Whethei 
American  mining  men  will  agree  with  the  managers  o 
some  of  the  most  prominent  French  mines,  that  the  difficul 

Somewhat  com- ties  experienced  with  the  more  usual  constructions  are  suf 
ficient  to  warrant  the  complication  involved  by  M.  Cousin'i 
plan,  seems  questionable. 

Auti-overwind.     Safety  apparatus  providing  against  overwinding  are  be 

g  appara  s.  ^jj^|j^g  general  in  France.  The  fundamental  idea  is  com 
monly  to  detach  the  cage  automatically  from  the  hoisting 
rope  when  it  approaches  the  sheave  dangerously.  Th< 
attachment  between  hoisting  rope  and  cage  is  so  constrnctei 
that  on  striking  a  beam,  passing  through  a  ring,  or,  prol 
ably  best  of  all,  upon  entering  a  hollow  truncated  cast-stec 

Deacription  of  cone,  the  cagc  is  detached.    Its  fall  is  then  prevented  b 

it«  action.  70  ^  , 

the  action  of  the  same  apparatus  upon  which  dependenc 
is  placed  in  case  of  the  breakage  of  the  hoisting  ropt 
Provisions  against  overwinding  should  be  more  common  i 
America  than  they  are,  even  in  our  most  important  miuin 
districts,  and  miners  will  readily  recall  frightful  accident 
arising  from  the  lack  of  this  precaution. 

Special  regulations  looking  to  the  safety  of  the  minei 

exist  and  are  strictly  enforced  in  France,  as  in  all  the  grea 

Annual  per-  European  countries.    The  number  of  accidents  however  i 

Md^imded  by  large,  nearly  two  per  cent,  of  the  men   being  killed  0 

^  wounded  each  year.    More  exactly,  in  the  year  1875,  whicl 

wa«  not  an  exceptional  one,  2.0G  men  per  1,000  employed  ii 

mining  were  reported  as  killed,  and  17.73  per   1,000  a 

wounded.    The  coal-mining  interests  of  France  so  greatl; 

exceed  the  rest,  that  one  might  suppose  the  accident 

mainly  ascribable  to  the  peculiar  dangers  met  in  the  extrac 

tion  of  coal.    Such,  however,  does  not  seem  to  be  the  cas< 

flreS^^^r  ^7™  ^*^®  injuries  arising  from  explosions  of  fire-damp  and  ai 

auent  tiwn  those  phyxia  amouut  to  ouly  8  in  10,000  coal  miners.    A  larg 

"  ^^    ^'      majority  of  the  accidents,  especially  of  the  fatal  ones,  in  al 

riasses  of  mines,  are  caused  by  the  caving  in  of  ground* 
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The  advances  in  the  art  of  mining  in  France  daring  the      nAxcE. 
last  ten  years  present  no  especial  peculiarities.    Steel  cables    improvements 
have  been  introduced  instead  of  iron  to  a  very  great  extent;  French  mines, 
wooden  and  iron  guides  have  replaced  ropes  used  for  the 
same  puri)ose ;  the  lowering  and  hoisting  of  miners  on  the 
cage,  instead  of  the  use  of  ladders,  has  become  prevalent ; 
rotary  pumping  engines  have  been  introduced ;  safety  lamps 
liave  been  improved,  but  electric  illumination  has  made 
little  progress;  ore-dressing  and  coal-washing  have  been 
greatly  developed ;  and  the  manufacture  of  artificial  fuel  has   Artificua  fuel, 
become  a  very  large  business.    In  this  last  branch  of  indus- 
try pitch  has  been  almost  altogether  substituted  for  tar, 
giving  the  advantages  of  lumps,  which  are  more  solid,  and 
bum  with  less  smell  and  less  smoke.    An  addition  has  been 
made  to  the  metallurgy  of  lead  and  silver  by  the  introduc- 
tion of  the  LtLce  and  Bosan  process,  which  is  a  Pattinsou  ,^"«®  *  ^^^ 

^  '  adaptation  uf  the 

process,  in  which  the  stirring  is  effected  by  a  jet  of  steam.  Pftdnson    lead 

fj  V        tf  Sliver  process. 

By  this  process  the  complicated  mechanism  necessary'  in 

what  is  called   the    mechanical    steampattinsouizing  is 

Avoided ;  the  steam  ai^sists  in  the  oxidation  of  impurities, 

and  the  concentration  of  the  silver  can  be  carried  somewhat 

further  than  b^'  the  old  method  of  manipulation.     This 

Process  has  been  introduced  into  America  (at  Eureka)  and 

^^to  England. 

Some  general  notes  on  models.  Modeisofmin^ 

*^  and  works. 

Que  of  the  most  noteworthy  exhibits  of  this  kind  was  the 
^Xiodel  in  wire  composed  by  La  Compagnie  des  Fonderies  et ,  l*  Compagnie 

^2,  ^      rwi  -^-r  -r  ^  \^        ,  .  ^«*  Fonderies  et 

-^^orges  de  Terre  Noire^  Lavoulte^  et  BessegeSy  presenting  in  Forges  de  Terre 

^^^lief  and  at  one  view  the  form  and  features  of  the  sui^face 

^Jid  the  subterranean  works  of  the  mines  at  their  proper 

^^^•elative  depths  beneath  the  surface.    The  subject  of  this 

it^lan  comprised  a  superficial  area  about  3  miles  long  by  2 

^iiiles  wide,  i)erhaps  a  little  more  or  less,  beneath  which   2S?^^****^  **^ 

"^ere  represented  a  portion  of  the  underground  works  of 

"the  collieries  and  iron  mines  belonging  to  the  company 

^bove  ground. 

This  method  consists  in  producing  the  form  of  the  8ur-^^^®jJ<*j^®i- 
^face  in  equidistant  contour  lines  represented  by  wires  of 
sufficient  strength,  the  contour  in  this  instance  being  taken 
^t  intervals  of  five  meters  in  vertical  distance,  and  the 
horizontal  wires  being  held  in  their  relative  position  by 
^thev  wires  joining  them  tninsversely  in  such  manner  as  to 
^oun  a  net- work  presenting  the  relief  of  the  surface. 

This  model  was  constructed  by  first  preparing  a  map  of  „j^p^^^*^P*™*®^ 
^©Borfoce,  on  which  the  contour  wires  were  carefully  drawn. 
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v^^cK.      Each  of  these  contours  was  then  reprodaced  in  brass  wire. 

In  order  to  place  these  contour  wires  in  their  proper  relm- 

Modeipf Torre- tive  positiou  a  serics  of  profiles  in  wood  was  employed. 

Noire  mines  and  x-     •/    — ? 

works.  formed  of  thin  boards  set  up  vertically  and  parallel  to  each 

other,  each  cut  on  its  upper  edge  so  as  to  form  the  profile  of 
that  part  of  the  surface  of  which  it  represented  a  section. 

BtrucUon!*'  *^'  ^®  coutour  curvcs  in  wire  were  placed  upon  and  supported 

by  the  system  of  profiles,  and  after  being  adjusted  precisely 
to  their  proper  relative  position  were  joined  together  by  other 
smaller  wires,  so  placed  as  to  bind  the  net- work  firmly,  and 
at  the  same  time  to  represent  other  features  of  the  surface, 
such  as  the  crests  of  the  ridges,  the  beds  of  the  ravines, 
the  boundaries  of  properties^  the  lines  of  roads,  the  courses 
of  streams,  etc. 
The  surfikoe     Upou  this  nct-work  it  wa.s  then  easy  to  place  the  repre- 

^^orsSi 

sentation  on  the  desired  scale  (t^i  oi*  ^i  ^<^^  ^  ^^^  inch) 
of  the  principal  buildings  and  works  on  the  surface,  remov- 
ing finally  the  wooden  profiles  from  underneath,  and  sub- 
stituting for  that  means  of  support  a  sufficient  quantity  of 
small  uprights  of  the  desired  length,  and  at  convenient 
points. 
workSi^^*^'^^  The  underground  works  of  the  mines  were  shown  in  sim- 
ilar manner.  The  various  drifts,  tunnels,  and  cross-cuts 
were  represented  by  horizontal  wires,  each  having  the  form 
required  to  correspond  to  the  course  and  length  of  the  work 
represented  by  it.  These  horizontal  wires  being  placed  in 
proper  relative  position  beneath  the  surface  net,  were  con- 
nected with  other  wires  corresponding  to  the  shafts,  in- 
clines, winzes,  etc.,  and  other  accessory  works  of  the  mine, 
the  whole  b^g  also  supported  from  below  by  uprights 
Colors  to  show  fixei  at  Convenient  points.    Moreover,  the  surface  wires  and 

creological  forma-  ^  t  -, 

tioD.  those  of  the  underground  works  were  made  to  show  the 

main  features  of  the  geological  formation,  by  coloring  them 
with  difierent  tints  indicating  the  various  rocks  exposed  on 
the  surface  or  traversed  by  the  mining  works  below  ground. 

ExceUeftteirect.  The  general  effect  of  this  method  of  representation  is  exceed- 
ingly good.  The  form  of  the  surface,  its  nature  expressed 
by  color,  and  the  relative  position  of  all  the  objects  shown 
upon  it,  were  brought  out  in  bold  relief,  while  the  spaces 
between  the  wires  afforded  a  clear  view  of  all  the  works 
lying  beneath. 
Models  in  pias-     There  worc  also  various  interesting  models  exhibited  in 

ter  and  f^Mo.     pj^^p  ^^^  jq  glass.    Somc  of  the  piaster  models  were  left 

in  steps  or  terraces,  the  edges  of  which  represented  the 
contour  lines.  The  glass  models  were  made  up  of  sheets 
set  at  regular' distances.    On  each  plate  was  drawn  in  trans- 
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paFeni  color  a  vertical  or  horizontal  section  of  the  ground      n^c^ 
corresponding  to  the  scale  of  the  model. 


Algeria. 


Algeria, 


Sixteen  mines  were  being  worked  in  Algeria  in  1876,      stutistics  of 
besides  various  prospects.    In  1876  3,618  workmen  were 
employed  in  making  excavations  and  in  extraction  of  ore. 
The  following  table  gives  the  situation  and  production  of 
those  mines  yielding  over  5,000  tons  in  the  year  1876 : 

Algerian  wUnet  in  1876. 


SituAtioii  of  themiDA. 


DBPXBTMEKT  OF  ALOSB. 


SoQinah 

Ginrayas 

Zaccar 

Qoed  Meatetanoao. 


DSPABUfBHT  OF  ORAK. 


Bcni-Saf 

I^bd  HaronmrU. 


DSPAKIMKHT  OF  OOXltTAaTIXB. 


^•Oum-Theboul 


^QH>re  mines. 
Other  mines... 


Nstoreof  the 
ore. 


Iron 

Iron  nod  copper 

Iron 

Iron 


Iron 
Iron 


Lesd. 
Iron  . 
Iron 


la 


86 

82 

190 


810 
220 


887 

167 

1,471 


2,830 

788 


8,618 


8.  Sitofttion    Mid 

g  t  prodnetlon       of 

g  I  mines. 

Is 


11,986 

7,500 

40,000 

12,000 


60,000 
14,000 


12,162 

21,686 

866,446 


668,820 
17,412 


686,782 


In  1875  the  iron  mines  employed  eighteen  steam-engines,    ste«^engines 
giving  altogether  349  horse-power;  the  other  mines,  four 
engines,  amounting  to  60  horse-power. 

Algeria  possesses  no  blast  fomaces.    The  greater  part  of  ko  biMtAun*. 
its  ores  goes  to  France.    Next  to  France,  England  buys  the  *^  ^  -^^k*'**- 
Ingest  portion  of  iron  ores ;  then  follows  Belgium,  and 
then  the  Fnited  States. 

The  importation  and  consumption  of  coal  for  Algeria  is       importation 
8een  from  the  following :  ScwS**""^  ^ 


Year. 

Imported  from— 

Conanmed. 

England. 

France. 

Total. 

m 

Tonnet. 
64,800 
68,860 
60,460 

Tofmee. 
9,050 
18,260 
12,400 

Tonnet. 
74,840 
76,620 
71,860 

w^i...  .        :   ;; . ; 

m...                     ;. 

,, 
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"^^<^'-        *  The  quantity  of  ores  exported  from  Algeria  has  been  as 
follows,  in  tonnes  of  2,205  x)oands : 


Algwia. 


Year. 


ExT>ortof  ores.  1869. 
1H70. 
J871. 
1872. 
1873 
1874. 
1876. 
1876. 


Total I    2,808,566 


Iron. 

Copper. 

Lead. 

215, 205 

5 

2,827 

Mi,  420 

65 

3,407 

172, 313 

1 

2,611 

391, 100 

111 

3,514 

420, 700 

72 

5,446 

400,273 

493 

8,050 

522. 630 

3,020 

2,855 

456,812 

6.372 

1.615 

i    2.808,566 

10,138 

24, 013 

Total  ore.* 


218,096 
172,991 
174.045 
394,814 
426,214 
463.815 
528,005 
464,709 

2,843,618 


*The  original  Is  given  in  qwntaU^  or  tenths  of  tonnes;  consequently,  there  is  ao 
apparent  error  in  the  last  flgnres  of  some  of  these  totals. 

Effect  upon  Ai-     Up  to  1876  Algeria  escaped  the  effects  of  the  financial 

SDiian    ore  pro- 
notion  of  the  de-  depression  prevailing  all  over  Europe.    Spain  had  for  some 

vclopment  of  the  •  .         i       i    •         •    •!  mt  •  /•-*>• 

pyrenean  mines,  ycars  been  involvcd  in  civu  war.    The  mines  of  Biscay 

were  shut  down,  and  African  ores,  to  the  exclusion  of  all 
other^,  supplied  the  steel  works.  But  since  that  time  two 
causes  have  modified  the  situation — the  pacification  of  Spain 
on  the  one  hand,  and  on  the  other  development  of  the  mines 
of  the  Eastern  Pyrenees,  which  have  been  put  in  communi- 
cation with  the  sea  and  with  the  French  system  of  roads 
by  the  completion  of  the  railway  from  Perpignan  to  Prades. 
This  checked  the  Algerian  production,  but  only  momenta- 
rily. The  high  quality  of  her  iron  ores,  better  appreciated 
every  day,  inspires  the  Algerines  with  confident  hopes. 


Quiana. 


Gold. 


Quiana. 

The  exportation  of  gold  since  1875  has  been  not  far  from 
2,000  kilos  per  year,  representing  a  value  of  6,000,000  fir., 
say  $1,250,000.  These  are  the  official  figures,  but  they  prob- 
ably fall  considerably  below  the  truth. 

KewCaUdonia.  Neio  Caledonia. 

The  geological  formations  observed  in  New  Caledonia  are 
of  a  very  complex  nature ;  but,  speaking  in  general  terms, 
it  is  easy  to  distinguish  three  distinct  geological  regions. 

cuuS^^fc*^  P®- First,  fragments  of  primitive  and  of  crystalline  rocks, 

which  occupy  the  extreme  northern  end  of  the  island ;  sec- 
ond, serpentine  rocks  of  great  depth,  which  form,  as  it 
were,  the  skeleton  of  the  island ;  third,  metamorphic  beds 
and  sedimentary  rocks  associated  with  melaphyre«,  which 
occupy  the  west  side.  In  respect  to  the  metallic  wealth 
which  they  contain,  each  one  of  these  regions  presents  a 

pe?*'*  "**  ^^  special  interest.  Gold  and  copper  are  found  in  veins  tra- 
versing the  primitive  rocks  at  the  north  of  the  island,  the 
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serpentines  contain  an  abundance  of  iron,  chromium,  and      "^^<^ 
nickel,  and  the  sedimentary  rocks  at  the  west  inclose  coal    yewOoMUmUi. 

seams.  iron,  chromi- 

um, nickel,  coaL 

It  was  at  one  time  supposed  that  New  Caledonia  would 
equal  Australia  and  ^STew  Zealand  in  its  mineral  resources, 
but  these  hopes  have  been  for  the  most  part  disappointed. 
Some  gold  has  been  obtained,  but  the  mines  appear  to  have  Gold  and  coai 
been  abandoned,  and  it  is  said  tbat  in  depth  the  metal  isnott&riven. 
replaced  by  pyrites.  The  coal  seams  are  inclined  at  a  high 
angle,  and,  so  far  as  worked,  yield  only  poor  fuel.  It  is 
doubtful  whether  they  can  ever  be  made  to  pay. 

Thus  far  the  most  important  ores  furnished  by  New  Cale-    importance  of 
donia  seem  to  have  been  those  of  nickel.    As  for  the  yield  *^®    ^^**  **"*■ 
of  the  mines,  no  authoritative  statement  has  been  found,* 
The  New  Caledonian  nickel  industry,  however,  possesses 
considerable  technical  interest,  because  it  is  founded  upon 
a  new  ore,  which  is  treated  in  part  by  new  processes.    On 
this  account  the  following  notes,  which  have  been  taken 
mostly  from  a  paper  by  M.  Jules  Gamier,  read  before  the   juie«  Ckkmier. 
Society  of  Civil  Engineers,  will  be  read  with  interest.    It 
will  also  not  be  amiss  to  call  the  attention  of  engineers  to 
the  possible  discovery  of  deposits  of  the  new  nickel  mineral. 

M.  Jules  Garnier  was  the  discoverer  of  a  new  nickel  ore   oamierite. 
in  New  Caledonia,  which  has  since  been  named  gamierite. 
This  metal  is  a  hydrated  silicate  of  nickel  and  magnesia, 
and  occurs  in  various  forms  in  serpentine  rocks.    Its  for- ,  its  nature  and 

*-  location. 

mula  is  (MgO,NiO)  Si02+iiH20.t    It  is  accompanied  by 
compounds  of  iron  and  chromium  and  cobalt  mineral. 
As  is  well  known,  the  methods  of  extracting  nickel  from  ,^  ptoocm  with 

^  ^  the  uBoal  nickel 

such  ores  as  have  hitherto  been  treated  consist  in  concen-  «re«. 
trating  the  nickel  in  a  regulus  or  speiss,  dissolving  the 
compound  sulphide  in  acids,  precipitating  the  nickel  as  ox- 
ide, and  reducing  the  precipitate  with  carbonaceous  sub- 
Btances. 
As  gamierite  contains  no  sulphur  or  arsenic,  the  applica-    Addiuonof  in- 

..        ®  *  '  ^^  gredients  to  Oar- 

tion  of  ordinary  methods  to  it  involves  the  addition  of  min-  niente  to  render 
crak  containuig  those  substances  in  sufficient  quantities  to  ow  procea* 
toke  up  the  metal.  This  mode  of  treatment  M.  Garnier 
considers  economical  under  some  circumstances  (for  highly 
ferruginous  ores  of  low  nickel  tenor),  but  under  many  con- 
ditions, and  with  a  large  proportion  of  the  ores,  it  was  very 
desirable  to  invent  a  process  less  indirect,  since  the  sulphur 

*Inl87C,  463  tonnes  of  nickel  ore,  regulas,  etc.,  were  imported  into 
Fiance.  In  1877  the  importation  rose  to  3,790  tonnes.  The  increase  is 
probably  due,  at  lea«t  in  great  part,  to  the  New  Caledonian  mines. 

According  to  M.  Gamier,  Dana's  formnla  differs  slightly. 
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v^^^-       and  arsenic  are  added  only  to  be  again  separated  finom  th 

NewOaled4mia.  nlckel. 

Gftrnierite:  an     M.  Gamier  has  made  nnmerons  experiments  with  a  vie' 
ore  o  n  c  e .      ^  devising  such  a  process.    The  direct  application  of  acid 

to  the  ore  is  ineffectual,  since  iron  and  nickel  are  not  sepi 
rated  thereby.  Experiments  were  also  made  upon  the  fra< 
tional  reduction  of  the  ore.  The  reduction  was  undertake 
at  a  low  temperature,  at  which  it  was  supposed  that  nick< 
might  be  reduced,  while  the  iron,  or  the  greater  part  of  i 
would  remain  in  an  oxidized  condition.  This  also  prove 
impracticable,  in  part  on  account  of  the  highly  divided  coi 
dition  of  the  reduced  nickel. 
K6wproc«M.  Finally,  M.  Gamier  made  experiments,  and  this  time  suj 
cessfully,  in  the  direct  reduction  of  the  ores  in  such  a  mai 
ner  as  to  produce  a  pig-iron  containing  large  quantities  < 
Ferpo-niokeL  nickcl — a  metal  which  may  be  called  ferro-nickel.  Thi 
process  is  carried  out  in  a  cupola  furnace  of  about  four  m< 
ters  in  height,  with  cold  blast  at  low  pressure.  Under  thee 
conditions,  and  with  the  proper  smelting  mixture,  only 
portion  of  the  iron  is  reduced ;  the  remainder  goes  into  tk 
slags,  unaccompanied  by  nickel,  and  of  course  greatly  L 
creases  its  fdsibility.  When,  as  is  sometimes  the  case,  tl 
ore  contains  only  a  small  amount  of  iron,  an  addition 
some  ferruginous  mineral  must  be  made.  The  following  a 
ro^ckeiS***''*'' analyses  of  somc  of  the  ferronickels  produced  from  an  o 

containing  about  equal  quantities  of  iron  and  nickel : 

Ifbn 46.55  41.30  38 

Nickel 50.91  54.25  5S 

Carbon 3.04  4.46  2 

A  complete  analysis  gave : 

Nickel 9C 

Iron 3^ 

Silicon C 

Carbon ^ 

As  might  be  expected,  the  double  carbide  of  iron  ^ 

nickel  is  more  fusible  than  the  carbide  of  either  metal 

itself. 

c^racter  of     Ferro-nickcl  possesses  great  malleability,  is  easily  worli 

under  the  file,  takes  a  high  polish,  and  shows  a  fine  grain 

or  foliating  fracture.    A  large  proportion  of  the  nickel  ^ 

Its  use.  ployed  is  used  in  the  manufacture  of  German  silver  0^ 

other  alloys  of  copper  and  nickel,  bearing  in  trade  a  vari<^ 

oop^luoy*'^*^' ^^  names,  such  as  argentan,  alfenide,  etc.    German-sil^ 

founders  prefer  to  purchase  their  nickel  already  alloy 

with  a  certain  amount  of  copper.    To  satisfy  this  dem^i 
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FRANCS. 


Refining. 


the  ferro-nickel  is  refined  in  a  reverberatory  furnace  in  the 

presence  of  copper,  which,  i)erhaps,  also  tends  to  preserve  ^ew  Caledonia 

the  nickel  from  oxidation.    The  refining  of  the  ferro-nickel    Ferro-nickei. 

proceeds  similarly  to  that  of  pig-iron,  silicon  oxidizing  first 

of  all,  and  the  oxidation  of  the  carbon  soon  manifesting 

itself  by  the  boiling  of  the  liquid  mass  and  the  ejection  of 

carbonic  oxide. 

Oxide  of  manganese  and  other  substances  of  a  similar 
tendency  are  added  to  hasten  the  oxidation,  and,  when  nec- 
essary, silicious  fluxes  to  take  up  the  oxide  of  iron  formed. 
The  character  of  the  residual  aUoy  is  determined  from  time 
to  time  by  testing  samples,  and  when  the  desired  point  is 
reached  the  metal  is  cast.  If  pure  nickel  instead  of  an 
alloy  is  desired,  the  process  is  similar,  except  in  regard  to 
the  addition  of  copper. 

M.  Gamier  is  now  engaged  in  the  attempt  to  produce  Production 
technically  useful  alloys  of  iron  and  nickel.  The  somewhat  nickel  alloys, 
discordant  results  which  chemists  and  metallurgists  have 
hitherto  attained  in  experiments  on  this  subject  M.  Gar- 
nier  ascribes  to  the  great  sensitiveness  of  nickel  to  the  pres- 
ence of  a  variety  of  foreign  substances.  The  study  of  the 
effect  of  impurities  upon  the  metal  will  no  doubt  lead  to  a 
knowledge  of  the  processes  necessary  to  eliminate  them. 

13  p  B VOL  4 


in. 

GBKAT  BRlTAm.  GREAT   BRITAIN. 

THE  BRITISH  EXHIBIT. 

The  period     The  period  which  has  elapsed  siuce  the  American  Exhil 

vorabie  for  im*  tioii  has  not  been  a  favorable  one  for  the  introduction 

miDing  and  met-  era-marking  improvements  m  mining  or  metallurgical oper 

^^^^'  tions.     The  prolonged  depression  of  business,  the  ofU 

short-sighted  discontent  of  the  laboring  classes,  and  tl 

pressure  of  foreign  competition  have  forced  those  intc 

ested  in  such  undertakings  rather  to  endeavor  by  strict  8 

tention  to  economy  in  detail  to  keep  already  invested  caj 

tal  intact  than  to  embark  in  new  schemes.    While,  ther 

fore,  the  British  exhibit  had  much  to  oflfer  which  was 

importance  to  professional  engineers,  there  was  little  with; 

the  scope  of  this  report  to  excite  unprofessional  attentio 

Many  exhibits  in  Cla^  43  were,  as  it  seemed,  unnecessari 

uninteresting.    An  array  of  samples  of  metal,  grouped  a 

der  the  name  of  the  manufacturers,  showing  fractures, 

twisted  to  show  toughness,  is  not  indeed  without  its  valt: 

but  it  is  certainly  desirable  that  something  more  should 

shown — samples  of  the  metal  in  difierent  stages  of  prepay 

tion  and  manufacture,  models  and  drawings  of  apparat: 

Good  pioducte  and  the  like.    Exhibitors  interrogated  on  this  point  soi: 

means  withheld,  timcs  auswor :  "We  comc  to  show  our  wares,  not  to  te^ 

others  how  to  compete  with  us."  But  an  international  i 
hibition  is  not,  simply  a  gigantic  advertising  establishmei 
and  even  from  the  merely  commercial  point  of  view  great 
liberality  in  this  direction  is  desirable  than  was  shown  1 
English  exhibitors.  It  would  be  a  strange  mine  that  eon 
show  no  fine  samples  of  ore,  a  remarkable  metal  worl 
which  was  unable  to  produce  some  bars  it  was  not  asham^ 
to  exhibit.  But  those  who  have  orders  to  give  desire  sonm 
vaine^f^th^ re/- thing  more  than  this.  They  want  evidences  that  they  cB 
.  utation  obtained,  ^^p^^^  ou  receiving  uniformly  good  value.    More  amp 

exhibits  tend  strongly  in  this  direction.    Nor  is  the  reput- 

tion  of  any  establishment  so  high  that  it  cannot  be  raises 

To  go  outside  of  the  range  of  this  report  for  an  illustration 

•-work^****  •**®^  the  Creusot  steel  works  has  long  enjoyed  a  high  reputatioi 

its  -exhibit  in  Paris  was  hardly  characterized  by  novelty 
but  the  effect  of  the  admirable  workmanship  shown,  coc 
bined  with  that  of  the  models  and  drawings  of  apparatn 

194 
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mills,  dwellings  for  workmen,  schools,  etc.,  was  such  as  qmatbritain. 
probably  to  raise  the  works  in  the  estimation  of  every  vis-     creusot  steei 

works 

itoT  to  its  display,  which  was  as  crowded  as  the  fine  arts 

department.    The  fear  of  assisting  competitors,  too,  is  quite 

illusory.    The  history  of  modern  technology  teaches  nothing 

more  certainly  than  that  the  interchange  of  information  is 

a  mutual  benefit.    Mr.  Bell  is  not  less  successftd  as  an  iron-  ^^^^  Lowtbimi 

master  because,  at  the  cost  of  immense  labor  and  expense, 

be  has  taught  the  world  so  much  about  iron-smelting;  and 

lie  would  be  the  first  to  acknowledge  the  assistance  he  has 

received  from  others. 

In  view  of  the  absence  of  novelties  of  such  a  character  .3^™^--*^?^ 

tnor  proposes  to 

that  their  description  does  not  seem  more  in  place  in  a  tech-  ^*™*®*J^  *Gr«it 
nical  journal  than  in  a  government  report,  it  appears  to  me  Britain, 
that  the  purposes  of  this  publication,  so  far  as  Great  Brit- 
ain is  concerned,  will  best  be  fulfilled  by  presenting  a  sketch 
of  the  recent  growth  and  present  condition  of  the  mineral 
industry  of  that  country.  Information  on  this  subject  is 
constantly  published,  but  commonly  in  so  fragmentary  a 
form  that  few  of  those  most  interested  have  leisure  to  piece 
the  scraps  into  any  consistent  shape,  important  though  it 
certainly  is  for  each  man  engaged  in  mining  or  metal  work- 
ing to  acquaint  himself  with  the  dangers  to  which  the  in- 
^^try  has  been  exposed,  the  tendencies  it  has  exhibited, 
^d,  as  far  as  may  be,  with  the  probabilities  it  offers.  The 
following  pages  make  no  pretense  of  offering  more  than  a 
sketch  of  the  subject,  although  the  labor  of  producing  them 
is  scarcely  measured  by  their  number. 

^tistical  review  of  the  mineral  industry  of  the  United  King-     statistical  re-, 
dom  for  the  years  1860,  18G5,  1870,  and  each  year  since,      industry  of  orent 

Britain. 

One  of  the  most  important  of  the  questions  which  are 
suggested  by  an  international  exhibition  is:  "Where  do 
the  ores,  metals,  and  coal  come  from,  and  where  do  they  go 
to!"  An  answer  to  this  question,  so  far  as  the  United  ^^a  to^t^hesoni^ 
Kingdom  is  concerned,  goes  very  far  towards  forming  a  «^t^o^nii°e"^i 
i^ply  to  the  inquiry  in  its  most  general  form,  and  cannot 
feil  to  be  of  interest  and  value  to  those  who  have  to  do  with 
the  products  of  mineral  industries,  whether  as  producers, 
consumers,  or  traders.  Mining  and  metallurgical  industries 
aie,  like  others,  very  sensitive  to  disturbances  arising  from 
temporary  causes,  and  a  statement  of  their  condition  at  any 
one  period  of  time  may  consequently  prove  misleading.  A 
systematic  statement  for  a  series  of  years,  on  the  other 
^and,  will  exhibit  the  effects  of  temporary  conditions,  with- 
(^ut  obscuring  the  tendencies  of  the  time,  and  assist  the 
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GRBAT  DRiTAix.  iudgmeiit  in  estimating  the  probabilities  for  the  future.  Ie 
the  following  pages  I  have  endeavored  to  give,  in  the  most 
condensed  form,  a  review  of  the  mining  industry  and  com 
merce  of  Great  Britain  for  the  years  1860,  1865,  1870,  anc 
each  year  since,  drawing  the  material  for  my  data  mainly 
R  Hunt,  "Min-from  the  yeariy  memoirs  of  Mr.  E.  Hunt,  entitled  "  Minera 

-Ewnom^^^*^ '  statistics  of  the  United  Kingdom,''  and  from  "  The  Econo 
mist." 

The  market  price  of  commodities  regulates  both  the  con 
sumption  and  the  production,  for  the  price  determines  the  con 
ditions  under  which  profit  is  possible,  either  to  the  consume] 
or  the  producer,  '^o  discussion  of  the  mineral  industry  is 
therefore,  of  much  value  in  which  this  all-important  factoi 
England  the  is  lost  sight  of.     England,  moreover,  is  the  great  meta 

Eet  ofThc  wo™id!  market  of  the  world,  and  English  prices  of  metals  contro 

those  obtainable  at  all  commercial  centers.    The  prices  ir 

London  are  consequently  of  great  general  importance,  anc 

Table  I  (page  ^rc  givcn  for  the  series  of  years  under  discussion  in  Tab! 

^^il^ndon  prices  I-    ^  chaugc  iu  priccs  indicates,  of  course,  a  change  in  tlk 

ef  metal*.  relatloiis  of  supply  and  demand,  but  no  invariable  inferenc 

is  to  be  drawn  from  it  as  to  the  prosperity  of  the  industn: 
productively  concerned.    The  price  of  a  metal  may  fall  ^ 

causoaof fiuctu.  conscquencc  of  improvements  in  processes,  such  as  follows 
the  inventions  of  Bessemer  and  Siemens  in  steel  maki 


Steel  used  to  cost  in  England  from  $200  to$300perton,  accoir- 
ing  to  quality,  when  nearly  all  of  this  metal  was  produce* 

cesses!^^^  P"**  by  the  blister-steel  process,  followed  by  remeltiug  in  crii^ 

bles ;  but  steel  rails  were  sold  in  November,  1878,  at  less  th-  - 
£7  ($34)  per  ton,  delivered.    Discoveries  of  new  sources^ 
New  aoarccs  of  supply,  such  as  the  Australian  tin  fields,  may  also  brL" 

*"^*^  ^*  down  tbe  price.    The  market,  however,  may  also  declinejt 

Disturbances  consequcncc  of  disturbances  in  consumption,  and  a  decre^^ 

and  c?SeSpro°  of  general  prosperity,  as  has  lately  been  the  case.    On  "fc 

perity.  other  hand,  a  rise  in  price  may  originate  in  a  diminishing  s"*:^ 

Diminishing  ply,  as  has  bccu  the  case  at  times  with  tin  and  graphi 

^'"^^ow  oppiica-or  in  new  applications  (nickel  plating),  or  in  a  sudcl 
increase  of  consumption,  based  rather  upon  hope  tb* 
upon  that  normal  development  of  civilization  with  wlmi- 
the  mining  industry  might  keep  pace.    Iron  of  an  ordin 


Ordinary  iron  quality  IS  the  mctal  most  affccted  by  the  inflation  or  deprt 

the  most  fluctuat-    .  «  i    x*  x  •         i>  -^       x  i      --.^— 

ing  in  price.       siou  of  spcculativc  entcrpnse,  because  it  enters  more  larg"^ 

than  other  metals  into  the  constniction  of  railways,  stea* 
ships,  and  the  like.    Cleveland  pig  iron  at  the  works  w-^ 
worth,  in  1871,  £2  9«.  Gd.  ($12.03).    In  February-,  1873, 
rose  to  £0  7«.  0^.  ($31).    At  the  close  of  the  year  1877 
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WBA  worth  only  £2  4«.  6d.  ($10.81),  and  it  has  recently  been  qmeat  pniTAiy 
quoted  at  considerably  below  £2.    Lead,  in  the  mean  time, 
hsLs  varied  less  than  30  per  cent,  of  its  lowest  valne. 

ribe  tendenqf  of  the  prices  of  metals  and  minerals  it  is 
soarcely  possible  to  discuss  from  a  general  point  of  view 
w:ith  profit,  because  the  price  is  dependent  upon  so  many 
fskctors;  among  others,  the  prosperity  of  one  branch  of  min- 
eral industry,  viz,  gold  mining.    The  more  largely  the  C08t^^»«i»««j0f  flue 
of  manipulation  enters  into  the  value  of  a  metal,  the  greater  of  minerals, 
w^iil  be  the  downward  tendency  of  the  price,  because  "  im- 
proved'' processes  means  "cheai)er''  processes.    Contrast 
^^ith  the  variation  in  the  price  of  steel  mentioned  above  that 
of  coal,  which  was  cheaper  in  1860  than  in  1878,  the  increased    CoaL 
depth  of  the  pits  and  the  higher  wages  having  more  than  offset 
tiixe  improvements  in  coal-cutting  machinery,  etc.    It  cannot 
*>e  doubted  that  in  the  care  of  copi)er,  too,  the  development   copper. 
of  the  extraction  of  metal  from  "burnt  pyrites"  has  had 
^  considerable  effect  upon  the  price.    The  fluctuations  in  the 
I>ince  of  silver  have  been  voluminously  discussed  of  late,    suver. 
Tie  broad  facts  of  the  case  seem  to  be  that,  iu  view  of  the  im- 

ense  production,  it  became  manifestly  impossible  to  main- 

in  a  definite  relation  of  value  between  the  precious  met- 
;  that  thereupon  gold  was  adopted  as  a  standard  by 

ermany  and  the  United  States,  and  the  coinage  of  sil-  gtan^^"***^*^ 
Umited  by  the  Latin  Union.    The  abandonment  in  so 
S^reat  a  measure  of  the  principal  use  of  silver,  together  with 
cw  discoveries,  depressed  the  market  violently,  and  would 

ve  done  so  still  more  had  not  the  absorption  of  silver  iu  tJn  of^Siver**'^ 
'^lie  East  increased.    It  is  significant  of  the  fact  that  silver 
l^i^  depreciated  instead  of  gold  appreciating,  as  some  have 
^^laintained,  that  the  East  has  absorbed  silver  in  direct  ratio 
"^  the  depreciation,  as  might  have  been  the  case  with  any 
^ther  commodity.    Silver,  as  is  well  known,  is  circulated 
^■^  the  East  in  great  part  not  by  count,  but  by  weight  and 
fineness,  like  other  merchandise.    While  all  the  metals  are    with  cheaper 
^t  lower  rates  than  in  1860,  wages  have  not  receded  to  old  have  not  rccJt^ 
standards  in  Great  Britain. 

Wages  of  average  miners  in  Scotland,  Miners*  wages 

in  Scotland,  18ojL. 

"Economist,"  March  9,  1878.  ^^' 

s.  d. 

^858 3  0 

^868 3  9 

^S^ 8  6 

^^ 4  3 
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Table  I  (page 
216). 

London  prices 
of  metals. 


Table  11  (page 
217). 

London  prices 
in  American 
money. 


Table  in  (page 
218). 

Production  of 
minerals  in  Great 
Britain. 

Decrease   in 
copper. 

Tin,  lead,  and 
silver  stationary. 


This  is  in  part  attributable  to  the  higher  price  of  the 
necessaries  of  life,*  brought  from  constantly  increasing  distan 
ces,  and  in  part  to  the  difficulty  the  workmen  experience  n 
returning  to  the  more  penurious  habits  of  their  predecesors 

Table  I  shows  the  average  price  of  common  metals  anc 
of  coal  in  England  for  the  series  of  years  under  discussion 
the  same  being  obtained  from  the  average  price  of  eacl 
work.  In  Table  II  the  same  prices  are  converted  int< 
American  money.  In  these  tables  the  miner  or  metal  mer 
chant  will  read  a  record  of  technical  improvements,  dis 
coveries  of  ores,  political  convulsions,  legislative  exi)eri 
ments,  of  wild  hopes  and  desperate  panic,  such  as  could  ii 
no  other  way  be  set  before  him  in  the  same  space.  Gausei 
for  some  of  the  fluctuations  have  ah-eady  been  indicated 
and  reasons  for  others  may  appear  later. 

Table  III  exhibits  the  quantities  of  the  several  metals  anc 
minerals  produced  in  Great  Britain  for  each  year.  Th« 
amount  of  copper  produced  from  British  ores,  it  will  be  seen 
is  decidedly  decreasing.  Tin,  while  it  has  undergone  soma 
what  violent  fluctuations  in  quantity,  maintains  itself  toi 
erably,  in  spite  of  the  great  reduction  in  price  since  tt 
opening  of  the  Australian  mines.  The  quantity  of  lead  pi- 
duced  in  the  years  1860,  1872,  and  1877  diflers  but  littl 
Silver  follows  lead  very  closely,  as  would  be  expected,  sii^ 
the  silver  extracted  in  Great  Britain  from  native  ores 
almost  exclusively  obtained  from  lead. 

The  same  quantities  of  diflerent  metals  correspond 
very  diflerent  quantities  of  ore  ^  the  relations,  however,  ^ 
so  nearly  constant  that  it  would  be  scarcely  worth 
to  give  the  variations  from  year  to  year.    Mining  men  m 
nevertheless,  be  interested  in  knowing  approximately  ' 
relations  prevailing  at  British  mines. 


Metallic  contents  of  Britiah  ores,  t 


Relation  of 
quantities  of 
metal  to  ore. 


1860. 
1865. 
1870. 
1875. 


In  the  year. 
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*  From  1845-'50  (6  years),  wheat  averaged  53«.  a  quarter,  and  beef^ 
inferior  quality  was  4^  to  4^.  per  lb.    In  1877  wheat  was  579.,  and 
5i  to  6fd.    Ibid, 

t  *'  Mineral  Statistics,''  in  part  by  calculation. 
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The  rise  in  the  percentage  of  metal  in  the  "black  tin  "  is  qbkat  piuTAiy. 
uo  doabt  due  to  increased  care  in  the  concentration  so  im-    CauueB  of  flue- 

tuatioDs  in   pro* 

portant  with  tin-stone.    The  zinc  ore  is  almost  exclusively  ducuon  of  metai 

, ,  -    _    ,      -    -,      --,-       .....,■■  /»,«•  •    P®^  given  quan 

"  black  jack.''  The  diminished  percentage  of  the  iron  ore  is  tity  of  ore. 
due  to  the  increase  of  the  proportion  of  British  iron  pro- 
duced from  the  argillaceous  carbonate  of  the  Middlesborough  The  cieveiwid 
district,  which  is  low  in  grade.*  In  1870  the  North  Biding 
of  Yorkshire  and  the  county  Durham  produced  26f  per 
cent,  of  the  total  iron  smelted  in  the  United  Kingdom.  In 
1875  this  district  produced  nearly  32  per  cent. 

Table  III  gives  the  metals  produced  from  British  ores  ex-  ^  Table  in  (page 
dnsively,  except  in  the  case  of  iron,  the  figures  for  which  in- ' 
elude  the  pig  produced  from  imported  iron  ores  and  "  pur-    Production  of 

,  „  native    minerals 

pie"  ores,    the  residue   of   the  pyrites-burning   process,  plus     imported 
The  quantity  of  imported  iron  ore  will  appear  later.    It 
ftmoants  to  less  than  10  per  cent,  of  the  ore  smelted.    As 
the  residue  of  the  pyrites-burning  after  extraction  of  cop- 
per is  used  as  an  ore,  both  in  the  blast  furnace  and  as 
''fettling,"  its  composition  may,  x>erhax>s,  be  more  appro- 
priately given  here  than  later.    Mr.  F.  Glaudet  found  in 
** purple  ore"— 

^^rric  oxide 96. 00=67  per  cent.  iron.     Composition  of 

I;ead  (as  sulphate) 75  ISl  ^^tV^: 

Copper .  .20  rites  burning 

Sulphur 36 

^inie 40 

^^luble 2.11 

-^hosphoms none 

^od» ....: 10 

Total 99.92 

The  amount  of  iron  produced  in  1877  was  within  about  2    Comparison  of 

»-^  ,  ,  production    and 

l*Gr  cent,  of  the  maximum  production  m  1872.  Taken  incon-  prices  of  iron  in 
^^tion  with  the  table  of  prices,  this  fact  affords  a  remarka- 
ble example  of  the  extent  to  which  the  consumption  of  a 
^etal  can  be  stimulated  by  reduction  in  price.    The  year 
^877  was  assuredly  not  marked  by  enterprise,  especially  of 
^he  character  which  signalized  the  period  of  inflation,  and 
^'et  nearly  as  much  iron  was  consumed.    It  would  be  inter- 
^ting  to  trace  the  details  of  this  consumption  were  this  the 
place  for  it.    The  production  of  zinc  has  increased  greatly,    increased  pro. 
^nd  was  scarcely  checked  by  the  panic  of  1873.    The  same  s£t,  ami  ciay.  ^* 
^mark  applies  to  salt  and  clay,  especially  the  latter,  which 
is  about  six  times  what  it  was  in  18(>0     The  quantity  of 
pyrites  mined  has  fallen  off,  but  the  decrease  has  been  far 

*  Typical  Cleyeland  iron  stone  contains  30  per  cent.  iron.    See  Bell, 
'Chemical  Phenomena  of  Iron  Smelting,"  p.  4. 
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GREAT  paiTADf.  luoro  thau  compensated  by  increased  imi)ortation.    The  out- 
immense  out-  put  of  coal  is  astounding  and  highly  indicative  particularly 
pu  o  coa .        Y^ji^ii  it  ig  remembered  that  as  improvements  in  the  economy 
of  fuel  are  constantly  being  made,  the  effective  application 
of  beat  increases  in  a  still  greater  ratio  than  the  quantity  of 
coal  mined.    According  to  Siemens,  the  annual  improve- 
vaiaoofannuainient  in  the  ccouomy  of  fuel  is  equivalent  to  about  4  per 
methSd8'Sf°ccon.  ceut.  of  the  cousumption.    At  present  about  90  per  cent  of 
omizing  fuel.      ^^^  f^^|  jg  ineffectually  consumed  or  wasted.    The  output  of 

coal  was  diminished  by  the  panic  only  for  a  single  year,  and 
in  1877  was  about  7,600,000  tons  greater  than  in  1873. 
Table  IV  (page     Table  lY,  the  value  of  the  metals  and  minci*als  produced 
'^^vaiueofannnaiii^  the  United  Eugdom,  is  compiled  from  the  yearly  issues 

m^?Si?  to  tbo  of  the  "  Mineral  Statistics.''   It  is  difficult  to  understand  pre^ 
unitedKingdom.  ^jg^j^  j^^^  ^^^  j^^g  j^^^^,^  y^^^^^  estimated.    The  value  of 

any  metal  produced  in  any  year  would  seem  to  be  the  quan- 
tity produced  multiplied  by  the  market  price,  and  this  view 
is  borne  out  by  many  phrases  in  the  ^'  Mineral  Statistics,'' 
and  by  the  coincidence  of  the  values  there  assigned,  in  ar 
large  proportion  of  cases,  with  the  values  arrived  at  by  the 
method  of  calculation  indicated.  In  a  large  number  of  cases, 
however,  the  values  given  differ  from  the  product  of  the 
amount  produced  into  the  market  price.    Thus,  while  the 
Discreoanciea  valuc  of  the  pig-irou  producod  in  1870  and  1871  is  the  same 
8ait8  0ftho  price  which  rcsults  from  multiplying  the  total  product  by  the 
tho  sutement^f  average  market  price  of  Cleveland  pig  at  the  Tyne  or  Tees 
value  o  product.  ^^^  ^^^^  ^^  thcse  years,  the  value  of  the  pig-iron  produced 

in  1873  corresponds  to  an  average  value  per  ton  of  only 
£2 15«.,  which  is  £1 15«.  below  the  lowest  price  paid  in  En- 
gland for  the  cheapest  iron  in  the  district  where  it  wa^  pro- 
duced in  that  year,  and  £3  below  the  average  price  of  the  same 
iron.  In  reply  to  an  inquiry,  Mr.  Hunt  writes :  "I  must  beg 
you  to  observe  that  the  mean  price  of  Cleveland  pig,  which 
you  quote,  is  from  the  *  Market  Prices  of  Pig-iron,'  whereas, 
the  value  given  in  the  introduction  is  an  estimate  of  the 
value  at  the  place  of  production,  determined  by  private  iu- 
.  quiry."  But  as  the  market  prices  are  given  "at  works,"  or 
for  the  immediate  neighborhood  of  the  works,  this  exx)lana- 
tion  does  not  appear  to  me  entirely  satisfactory.  It  is  im- 
X)ossible  to  suppose,  in  view  of  the  phraseology  and  of  many 
explanations  in  the  "Mineral Statistics,"  that  by  "value" is 
meant  "cost  of  production."* 

*Iii  the  "Mineral  Statistics"  for  1870  Mr.  Hunt  says  of  tho  prod  net  of 
pig-iron,  *^ This  quantity,  estimated  at  the  mean  average  prtoe  at  the 
place  of  production,  would  have  a  value  o("  so  and  so,  which  value  is 
adopted  in  tho  general  summary  and  corresponds  to  the  market  price 
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For  the  years  1872-1876,  both  inclusive,  the  value  of  pig-  omtAT  BiUTAm. 
iron  is  uniformly  estimated  at  a  price  below  the  average 
price  of  Cleveland  pig.  The  values  of  the  other  metals  and 
minerals  correspond  more  closely  with  the  market  prices, 
though  some  not  inconsiderable  variations  are  observable. 
Thus,  the  value  of  the  copper  product  for  1870  answers  to  a  j^  tb?2b^*^*^ 
price  per  ton  which  is  over  £4  higher  than  the  average  price 
of  best  selected  copper  for  that  year.  Of  course  the  sums 
total  are  proportionately  affected.  That  for  1870  contains 
a  further  error,  and  should,  apparently,  read  £47,946,300. 
The  price  of  coal  is  assumed  at  from  58,  to  7&.  6d. 

Importationy  exportation^  and  consumption  of  metals  o,nd^^^^^^ 

minerals.  sumption  of  min- 

erals and  metals. 

The  United  Kingdom  neither  supplies  its  own  smelters 
with  all  the  ores  they  require  nor  its  native  consumers  with 
the  needful  quantity  of  every  metal.  Great  Britain,  more- 
over, exports  enormous  quantities  of  metals  and  minerals  to 
other  countries.  The  importation,  exx>ortation,  and  con- 
sumption of  the  products  of  mining  industry  are  so  closely 
connected  that  it  seems  best  to  discuss  them  together  and 
metal  by  metal,  reserving  for  the  present  the  subject  of  the 
sources  of  supply  and  the  distribution  of  the  material 
handled.  The  necessary  facts  for  this  discussion  are  not,  in 
^1  cases,  directly  obtainable.  Estimates,  however,  where 
Qiiavoidable,  have  been  made  on  assumptions  which  will  be 
^plained  as  the  cases  arise,  and  which  it  is  hoped  will  ap- 
prove themselves  to  the  judgment  of  the  reader. 

The  ^^consumption"  of. the  metals  and  minerals  is  as-     Mode  of  esti- 

mating  consnmp- 

snmed,  for  the  purposes  of  this  paper,  to  be  the  amount  re-  tion: 

tained  in  the  country  each  year.    The  quantity  retained  is 

found  by  adding  the  importation  to  the  production  and  sub-  *^*JJfon  ^  ^| 

tracting  the  exportation.    Of  course  it  is  not  true  that  the  importation  mi- 

^onnt  retained  each  year  is  consumed  in  that  year.    A  tion. 

portion  is,  no  doubt,  usually  stored,  either  for  future  use  or 

exportation.    For  a  series  of  years,  however,  it  must  be 

^e  that  what  is  retained  is  consumed,  and  no  other  method 

of  ascertaining  the  yearly  consumption  presents  itself.  The 

merely  general  correctness  of  the  method  will  explain  some 

of  the  fluctuations  whjch  will  here  and  there  be  noticed. 

Doubtless  many  men  of  long  experience  in  metallic  com-  guBpSSS"'  Se 

Daerce  will  recognize  in  some  of  these  fluctuations  periods  ft^i^^^e     acou- 

^hen  stock  was  allowed  to  accumulate  on  account  of  the 

^d  Talne.  The  same  lemark  and  tieatment  is  repeated  in  1871.  After 
^^is  date  I  find  no  explanation  of  the  method  of  arriying  at  the  "  yalne  " 
P^fen  in  the  summary. 
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GHEATBBiTAiK.  uiiremunerative  condition  of  the  market,  or  when  the  sta 
of  affairs  seemed  to  justify  the  policy  of  *' holding  for 
rise."  It  is,  however,  foreign  to  the  purposes  of  this  pap 
to  enter  into  any  description  of  these  exciting  phases  of  t 

importsinboth  history  of  commercc.    The  metal  imported  into  Great  Br 

the  ore  and  me-  •^  -^ 

taiiic  forms.  aiu  is  partly  in  metallic  form  and  partly  in  the  ore. 
most  cases  the  metallic  contents  of  the  imported  ores  is  n 
published,  but  simply  the  quantity  of  ore,  or  its  qnanti 
and  value.  For  the  object  of  this  discussion,  however,  it 
essential  to  have  an  estimate  of  the  quantity  of  metal  co 
tained  in  imported  ore.  Where  the  value  of  this  ore 
Mode  of  esu-  kuowu  I  havc  supposcd  the  relation  of  its  metallic  contei 

metai^import^  to  its  valuc  to  be  the  same  as  in  the  case  of  ores  of  Briti 
production.  A  rule-of-three  calculation  thus  gives  the  c 
sired  datum.  This  is  not  strictly  accurate,  because  in  ma 
cases  an  extra  price  is  paid  for  the  superior  quality  or  pi 
ity  of  foreign  ores.  The  influence  of  this  disturbing  fact 
must,  however,  be  very  small.  In  the  comparatively  f< 
cases  where  only  the  weight  of  the  imported  ores  is  kno^ 
I  have  been  obliged  to  assume  their  metallic  contents  to 
near  about,  but  a  little  higher,  than  that  of  British  ores  i 
importauon.  tracted  in  the  same  year.    The  importation  of  metal,  t 

oo^ampuon^f  metallic  contents  of  imported  ore  as  estimated,  the  exp 

minerals.  tatiou,  aud  the  quantity  retained  in  the  country  are  giv 

^abie  V  (page  ^^j.  ^^^  ^^^^^  ^^  mineral  in  Table  V. 

Tin.  Tin. — ^The  world's  production  and  consumption  of  1 

have  greatly  increased  within  the  period  of  time  under  d 

BiUitoninises.  cussion.  The  output  of  Billiton  first  amounted  to  1,C 
tons  in  1865,  and  the  Australian  mines  only  became  imp 
tant  m  1873.  The  consumption  (for  example,  m  the  torm 
"tin"  plate  in  the  canning  of  food)  has  grown  proportL 
ately,  notwithstanding  the  various  devices,  to  which 
great  fluctuations  in  the  price  of  this  metal  have  given  r-: 

Cheap  tin-plate,  for  making  a  pound  of  tin  cover  a  greater  and  greater  e 
face  of  iron.  Except  in  the  years  1873  and  1874,  after 
opening  of  the  mines  in  Australia  and  before  the  erecti 
of  smelting  works  there,  the  amount  of  tin  ore  import 
into  Great  Britain  has  been  small.  In  the  mineral  stadsti 
for  1860  and  1865  only  the  quantity  of  imported  ore  is  give 
The  metallic  contents  are  taken  at  64  and  65  per  cent. ;  that 
British  ore  being  somewhat  less.  For  the  remaining  yea. 
the  contents  are  calculated  from  the  value.  The  latter  methc 
would  also  lead  to  the  conclusion  that  the  ore  containe 
about  65  x>cr  cent,  of  tin,  so  that  there  can  be  no  conside 

Large  exporta-  able  crror  iu  the  estimate.    The  exportation  of  tin  is  vei 
^^'  large  for  the  years  1874, 1876,  and  1877,  larger  than  the  pr 
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dnction  from  home  resources.    The  consumption  has  ex-  qmut  bbitaik. 
ceeded  the  productiou  ever  since  1870,  and  Great  Britain,    Tin. 
which  used  to  supply  the  world  with  tin,  is  now  unable  to  ^^^^^^  *^"°' 
meet  her  own  demands,  so  much  have  these  increased. 

Copper. — As  is  well  known,  immense  quantities  both  of   <^m>^' 
metallic  copper  and  of  copper  ores  are  imported  into  Great 
Britain.    In  1860  the  amount  of  this  metal  produced  in  the  ^tiSi^^u^ 
kingdom  was  slightly  in  excess  of  the  metallic  copper  im-  S^rt^SoppS? 
lifted.    With  the  exception  of  the  year  1872,  when  the 
amount  was  exceptionally  great,  the  importation  increased 
steadily  up  to  1875,  the  home  production  decreasing  the 
while  to  such  a  degree  that  in  the  last-mentioned  year  it 
was  only  slightly  more  than  one-tenth  of  the  importation, 
ff  the  mines  have  retrograded,  the  smelting  works  have 
none  the  less  flourished  to  such  an  extent  that  the  metal 
produced  from  foreign  ore  treated  in  Great  Britain  in  1877 
^as  twelve  times  as  great  in  quantity  as  that  extracted 
from  native  ores.*    The  larger  part  of  the  50,000  tons,  or  so, 
^us  separated  is  reduced  from  copper  ores  in  Cornwall  and 
at  Swansea.     Of  late  years,  however,  the  extraction  of^^'^^^«7^^^ 
^^pper  from  "burnt  pyrites,"  containing  about  4  per  cent.^"™*py^***- 
^f  copper,  by  art  processes  of  recent  invention  has  assumed 
Si^at  dimensions  and  importance.    Mr.  Hunt  estimates  the 
anxount  of  copper  extracted  in  this  manner  in  1876  at  15,000         Estimatwi 
^ons,  and  in  1877  at  17,000  tons,  and  states  that  the  esti-  ^^^ 
^ates  in  former  years  have  been  too  low;  a  fact  which 
accounts  in  part,  but  not  wholly,  for  the  enormous  rise  in 
^e  metallic  contents  of  imported  ore  of  late  years  according 
^  the  table.    The  "  Mineral  Statistics"  records  an  increase 
^t*  about  40,000  tons  in  the  import  of  foreign  ore  for  the   import*  of  ore. 
year  1877,  but,  unfortunately,  from  unenumerated  countries. 
The  exportation  of  copper  from  Great  Britain  is  very  large 
and  has  been  very  steady  since  1870,  averaging  about  54,000   Exportation  of 
^ns.    In  compiling  the  data  for  the  exportation  and  for 
Qie  importation  a  difficulty  has  been  encountered  in  the 
^t  that,  in  several  cases,  the  value  only  of  manufactured 
<5opper  is  given  in  the  "  Mineral  Statistics.''    The  weight  has  J^?^^  ^teSL\* 
l>eeu  estimated  from  the  value,  on  what  appeared  to  be  suf-  ^l^  *"  ^^"^  ^ 
flcient  grounds,  at  seven-eighths  of  the  value  divided  by 
Reprice  of  best-selected  copper  for  the  year  in  question. 
As  the  quantities  are  small,  from  a  few  tons  to  a  few  hun- 
dred tons,  any  slight  error  in  this  rule  will  affect  the  result 
bnt  little.    A  small  amount  of  ore  and  foreign  regulus  is 

*  The  metal  reduced  from  foreign  ores  and  regulus  is  given  in  the 
'  Mineral  Statistics"  for  each  year  except  1865.     For  that  year  I  have 
^^^tJmated  it  by  the  rules  presently  to  be  mentioned. 
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GBKAT  BRITAIN.  sometJiDes  exported  from  Great  BritaiD.    I  have  taken  the 

Copper.  metallic  contents  of  such  ore  at  16§  per  cent.*  and  that  ol 

the  regains  at  25  per  cent.    The  foreign  regal ojs  seems  tc 

have  contained  considerably  less  than  25  per  cent,  in  the 

earlier  portion  of  the  series  of  years  and  considerably  more 

towards  its  close.  .  The  qnantity  of  copper  retained  for  con 

sumption  in  Great  Britain  is,  according  to  the  table,  ver^ 

tuations*  in^  con"-  i^^gi^l^x.    The  high  pricc  and  active  foreign  demand  in  187  ] 

sumption,  price,  explains  the  small  amount  retained  during  that  year,  and  the 

impetus  given  to  manufacturing  and  short  stocks  accouni 
for  the  large  figure  for  1872.  As  residual  quantities,  th< 
figures  for  consumption  are  most  affected  by  the  knowi 
inaccuracy  of  the  returns  of  copper  extracted  from  pyritei 
previous  to  1876. 
amoant!)f  ^pper  -^  ^^*  Huut  himsclf  draws  attention  to  the  erroneously 
rSe^^^"'™^^'®"^^^^  estimate  of  the  amount  of  copper  obtained  iron 

pyrites,  perhaps  it  will  not  be  amiss  to  calculate  roaghl; 
what  the  true  values  probably  were.  According  to  Mr.  J 
A.  Phillips  (manager  of  one  of  the  burnt- pyrites  extractioi 
works  in  Widnes),  the  copper  contents  of  the  burnt  ore  froi 
imported  pyrites  is  remarkably  constant,  and  is  about  4  pe 
About  4  percent.,  which  is  also  the  percentage  adopted  by  Mr.  Hunt  fo 
1876  and  1877.  The  following  table  shows  the  data  in  th 
matter  and  the  difference  in  the  copper  product  which  woul 
arise  if  the  conjectural  quantities  were  adopted.  Pyrites 
when  roasted,  leaves  about  70  per  cent,  of  "burnt  ore, 
which  (making  an  allowance  for  non-cupreous  mineral 
agrees  well  with  the  suggested  corrections.  In  1876  som 
pyrites  must  have  been  unrei>orted,  or  a  part  of  the  miners 
richer  than  usual. 


cent. 


Statistics  of 
copper  extracted 
from  burnt  ore. 


Copper  extracted  from  burn  I  ore. 


Years. 


1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 


•  %1 

^i 

®  a 

"Si 

of  cc 
Stat 

Retumod 
sumpt 
burnt o 

Estimate 
per  in" 
tics." 

Tong. 

Tons. 

200.000 

7,500 

225, 750 

7.900 

253,529 

8,500 

323, 910 

12.800 

1 329, 004 

9,000 

1 305, 368 

9.600 

379, 269 

15,000 

427,954 

17,000 

o 
o  o 


E 


i 


Ton*. 
8,000 
9.030 
10, 141 
12,956 
13,160 
14,614 
15, 170 
17, 118 


Tont. 
50C 

1,13C 
1,64] 

m 

4,  KM 

5,01^ 

li( 

111 


*  Partial  returns  of  foreign  ores  sold  at  Swansea  in  1865. 

tThese  are  the  values  given  under  "P.xTites."  Under  "Copper."  the  "Mineral  St« 
tistics"  gives,  for  1874,  450.000  tons,  and  for  1875,480,000  toos;  out  these  quantitic 
would  be  over  80  per  cent  of  the  total  import  and  homo  production  of  pyrites  in  thc« 
years,  whereas  pyrites  loses  30  per  cent  in  the  roasting  process. 
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The  metallic  contents  of  imported  ores  and  theconsump-  qbkat  BBixAEf . 
tion  as  given  in  the  table  would  be  altered  as  follows,  by    copper. 
assuming  the  copper  extracted  from  "burnt  ore''  to  be  4  per 
cent,  of  the  quantity  of  that  substance  returned  as  "con- 
sumed:" 


HetiUio  oontents  of  Imported  ore. 
CoDtnmption 


1870. 


27,525 
12,418 


187L 


24,801 
7,676 


1872. 


23,843 
24,851 


1873. 


26,912 
12,270 


1874. 


32,054 
17,190 


1875. 


Kerised  table 
of  metaUic  cop- 
per in  imported 
ores  on  a  baeie  ot 


34, 497  4  per  cent 
28,880 


The  variations  here  are  less  abrupt  than  in  Table  V. 
Lead. — ^The  home  production  of  lead  is  both  large  and 
steady,  and  in  1860  was  just  about  equal  to  the  home  de- 
mand.   The  quantity  of  metal  imported  was  one-third  of  the 
home  production  in  1860,  but  both  consumption  and  export 
trade  have  so  increased  that  in  1877  half  as  much  again 
^as  imported  as  was  produced.    1'he  business  of  smelting 
foreign  lead  ores  has  grown  in  a  still  greater  proportion,  the 
'^etal  extracted  from  them  in  1860  being  but  a  few  hundred 
tons,  while  in  1877  it  was  close  upon  10,000.    So  steady  has 
^he  lead  trade  been,  that,  although  the  import  of  metallic 
'ead  was  quickened  in  1872,  it  has  since  risen  to  far  higher 
^^ures.    The  irregularity  observable  in  the  importation  of 
*^a<l  ore  in  the  years  1871  and  1872  was  caused  by  shipments 
^om  the  United  States,  which  sent  7,589  tons  of  ore  to  En- 
gland in  1871  and  2,709  tons  in  1872.    For  the  other  years 
^i^der  discussion  the  importation  from  this  country  has  been 
^^ite  insignificant.    The  export  of  lead  in  1860  was  very 
Nearly  the  same  as  the  import.    It  has  about  doubled  since 
^l^at  time,  but  shows  considerable  irregularity,  owing  prin- 
cipally to  fluctuations  in  the  demand  from  America  and 
^hina.    The  consumption,  too,  has  doubled  during  the  past 
eighteen  years,  and  its  growth  was  scarcely  checked  by  the 
^^^^Isis  of  1873.    In  collecting  the  data  for  the  table  it  has 
^^^en  necessary  to  assume  a  certain  percentage  of  metal  in 
^he  lead  ore  in  onler  to  reduce  the  quantities  to  comparable 
^^rms.    The  percentage  taken  was  75  (pure  galena  contains 
^.6. per  cent.),  which  is  about  1  per  cent,  above  the  average 
^f  British  ores.    The  few  tons  of  litharge  and  white  lead 
^hich  appear  here  and  there  in  the  statistics  are  taken  to- 
gether at  80  per  cent,  metal.    For  the  years  1876  and  1877 
the  export  of  British  lead  only  is  reported  by  Mr.  Hunt.   In 
1B74  the  export  of  foreign  lead  was  about  5,000  tons,  and 
^11 1875  about  3,300  tons.  For  the  sake  of  completing  the  table 
approximately,  I  have  therefore  added  3,000  tons  to  the  ex- 
Port  of  British  lead  for  each  of  the  last  years  in  the  table. 


Lead. 


Flactnations  iii 
relation  of  home 
production  and 
importation. 


Exports  and  im- 
ports of  lead, 
equal. 


Increased  con- 
sumption. 


As  to  estimat- 
ing percentapres 
ofroetalinorefor 
the  purposes  of 
the  table. 
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GREAT  BBTTACT.      Ziuo. — Like  lead,  zinc  has  been  comparatively  steady  ii 

zine.  price,  prodaction,  and  consumption.    In  both  cases  thit 

steadyinprioe.  stcadiness  is  probably  attributable  to  the  extent  to  whicl 

consampttoiL'"  they  cntCT  into  the  indispensable  constmction  of  boildingt 

and  the  manufacture  of  paint.    Great  Britain  possesses  bui 

little  zinc  ore,  and  this  little  is  almost  exclusively  zinc  blende 

or  "black  jack,"  the  most  inferior  of  zinc  ores.    Conse 

quently  the  country  has  depended  chiefly  for  the  quantit,^ 

of  metal  consumed  on  supplies  from  Germany,  Belgium,  an( 

Britain  im-  Holland,  receiving  some  six  times  as  much  as  it  produces 

the  quantity  of  Large  quantities  of  foreign  ore  have  also  been  smelted  u 

omoprocQc  «»>^- Q.j^^g^^  Britain  of  late  years,  particularly  since  the  importa 

tion  of  the  carbonate  from  Sardinia  began  in  1867.  The  sup 
ply  of  foreign  ores  has  latterly  decreased.  The  exportatioi 
of  zinc  is  small,  about  7,000  tons,  or  slightly  more  than  th< 
production.  The  consumption  has  risen  very  steadily  t< 
^    treble  what  it  was  in  1860,  and  is  neiirly  ten  times  the  pre 

Conanroption  7  «/  * 

trebled  1860-1876.  ductiou.  The  metallic  contents  of  the  imported  ore  have  beei 

ascertained  from  its  weight  and  value,  on  the  suppositio' 
that  these  quantities  bore  the  same  relation  to  one  anothe 
in  the  foreign  as  in  the  British  ore. 
j^^  Iron. — For  the  sake  of  comparison  the  data  with  referena 

to  iron  are  also  introduced.   As  the  figures  for  the  pro- 
inciuded  in  ta-  ^^^  ^^  Great  Britain  include  the  pig  reduced  from  importa 

compariaon!^^  **^ore,  it  is  not  ncccssary  to  consider  separately  the  metal  th  - 

obtained.  The  imported  ore  probably  contains  about  S 
per  cent,  iron,  and  includes  the  "  purple  ore''  from  the  buK: 
pyrites.  Wrought-iron  and  steel  are,  of  course,  not  tat 
into  account  in  the  production,  because  they  are  mannfi^^ 
ured  from  pig-iron.  In  the  exportation,  on  the  other  hax: 
both  must  be  counted,  as  they  cannot  represent  the  s^^j 
metal.  The  iron  imported  into  England  used  to  be  exc^l 
sively  of  high  quality  and  such  as  could  not  be  made  in  tl 
country,  surbars  (made  from  manganiferous  ores  with  cha 
coal),  Westphalian  '*  spiegel,"  and  perhaps  some  other.  Tt 
reviews  now  complain  that  Belgium  is  sending  the  cheapes 
iron  to  England  for  building  purposes,  and  that  Westphe 
lian  steel  works  are  underbidding  Euglish  establishment: 
in  the  home  market. 
pyHut.  Pyrites. — The  extraetion  of  sulphur  and  sulphurous  ada 

For  snipfanric  for  the  sulphuric  acid  manufacture  from  the  minerals  classec 

tSre.    "*°  ^  under  tiiis  name  is  said  to  have  been  suggested  only  somi 

40  years  ago.  The  business  has  assumed  enormous  proper 
tions  of  late  years,  as  will  be  seen  from  the  table.  The  plai 
of  extracting  small  quantities  of  copper  from  the  residn- 


MINING   INDUSTRIES:    COMMISSIONER   HAGUE.  207 

after  expulsion  of  the  45  per  cent,  or  so*  of  sulphar  contained  qbkat  umTAix . 
in  the  mineral  seems  to  have  been  first  carried  into  opera-    Pyritsi. 
tion  OD  a  large  scale  in  1867.    In  that  year  500  tons  of  cop- 
per is  accredited  to  this  source  in  the  "Mineral  Statistics."     Extraction  of 

'^  copper  rrom  tiio 

As  has  been  already  mentioned,  the  residue  after  the  ex-  ^"de- 
traction of  the  copper  is  employed  under  the  name  of  "  pur-    "Purple"  ore. 
pie  ore"  in  iron-smelting.    This  is  a  proof  of  the  perfection 
of  the  preceding  processes,  for,  as  is  well  known,  sulphur 
and  copper  are  fatal  to  the  value  of  iron  ore  when  present  in 
more  than  exceedingly  minute  proportions.    Indeed,  the 
process  may  be  considered  as  one  of  the  most  perfect  in  the 
arts,  all  the  essential  ingredients  of  the  mineral  being  pro- 
fitably extracted  and  thoroughly  separated.    Prof.  Thomas    Prof.  t.  Thom- 
Thomson,  of  Glasgow,  a  famous  chemist  in  his  day,  is  cred- 
ited by  Muspratt  with  the  initiation  of  the  manufacture  of 
sulphuric  acid  from  pyrites  in  1835,  when  the  King  of  Sicily 
placed  a  heavy  duty  upon  exported  sulphur.    Henderson  L^^^^aw^"  * 
*Dd  Longmaid,  English  chemists,  worked  out  the  copper  ex- 
^3^tion  process  much  later.    The  treatment  of  pyrites  is, 
therefore,  an  achievement  of  modem  science.    Both  as  an 
^'iBtance  of  the  relations  existing  between  science  and  in- 
dii^try  and  as  a  matter  of  growing  commercial  importance, 
^^  may  be  interesting  to  dwell  for  a  moment  on  the  financial    mugtration  of 
^^ults  of  this  process,  results  which  ought  to  go  some  way  Jj/e**n\iS^  "ffiS* 
^^\vards  vindicating  the  "practical  character  of  modem ">g»- 
^ientific  teachings. 

Results  of  the  treaimetit  of  cupreous  pyrites  in  1877.  The  pyrites  in 

j^  dnetry. 

^^yrites  imported,  679,312  tons,  yielding  45  per  cent,  sul- 
phar, or  305,690  tons,  eqnal  to  sulphuric  acid  (worth  Id. 
per  lb.,  or  £9i  per  ton),  917,071  tons £8,559,024 

^opper  extracted,  17,000  tons,  worth  at  £74  12».  6d.  (price 

oftonghcake) 1,268,625 

^Hirple  ore,  smelted,  415,000  tons,  containing  65  per  cent, 
iron,  or  260,7.50  tons  pig,  worth  at  £2  5«.  6d,  (price  Cleve- 
land)    613,670 

Total 10,441,319 

950, 144, 810 

This  is  a  minimum  estimate,  for  a  large  proportion  of  the 
small  percentage  of  silver  contained  in  the  pyrites  is  ex- 
tracted, as  well  as  some  of  the  gold,  by  M.  Claudet's  process. 

Silver, — The  data  relating  to  the  exportation,  importation,    suver. 

^Ithasheen  stated  under  "Copper"  that  the  humt  ore  amounts  to  about 
"^0  per  cent,  of  the  pyrites.  This  is  not  inconsistent  with  the  loss  of  45 
per  cent,  of  sulphur,  because  the  sulphur  is  replaced  by  oxygen.    A 

8W88  loss  of  30  per  cent,  by  weight  answers  to  a  loss  of  48  per  cent,  of 

^Ipbur.    A  little  sulphur  remains  in  the  burnt  ore. 
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GitBAT  BRITAIN,  gj^j  coiisumptioii  of  sIlveT  are  imperfect  and  nnsatis&ctory. 

saver.  The  movements  of  this  metal  are  so  largely  controlled  by 

the  exigencies  of  Eastern  commerce  and  by  the  financi£>l 

era drJn^for^su  1^^^^^  ^^  *^^  great  Commercial  countries,  that  their  discus- 
ser, sion  is  only  in  a  very  subordinate  degree  an  affair  apper- 
taining to  the  mineral  industry.  During  certain  years  vastly 
more  silver  has  been  exported  from  Great  Britain  than  has 
been  imported.  In  other  years  enormous  quantities  have 
been  retained  in  the  country.  The  facts  bearing  upon  this 
uesearches  of  point  havc  bccu  elicited  by  the  British  and  the  American 

the  British  and  *^  "^ 

American  Silver  Silvcr  Gommissious.    A  siuglc  fcaturc  of  the  subject  ap- 

Commi88ion».  ,  ,  .       ,    ,  .  ,  . 

pears  to  me  to  have  received  leas  attention  than  it  was 
entitled  to,  viz,  the  extent  to  which  foreign  argentiferous 
ores  are  treated  in  Great  Britain.  This  point  is  not  covered 
by  the  "  Mineral  Statistics,"  and  I  know  of  no  source  whence 
absolutely  trustworthy  data  are  to  be  obtained.  In  the  ab- 
sence of  such,  I  have  prepared  a  rough  approximation,  which 
may  serve  to  give  those  interested  at  least  some  idea  of  the 
extent  to  which  silver  is  separated  in  the  United  Kingdom. 
Britiah  soaroe  Bcsidcs  the  dcsilvcrization  of  argentiferous  British  lead, 
o  me     C8  ve  •  jjj^|.jjj||g  silvcr  is  dcrivcd  from  the  following  sources:  The 

treatment  of  silver  ores  entered  at  the  custom-house  as 
such ;  the  desilverization  of  foreign  lead  sent  to  England 
largely  for  that  purpose  5  copper  ore  and  regulus  and  cu- 
preous pyrites. 
Foreicn  ores     Considerable  quantities  of  silver  ore  are  annually  sent  to 

smelted  in  Bnt-        .,  .-.fM  i«^i         -.-•/., 

ain.  Bntam,  mainly  to  Swansea,  and  the  declared  value  of  these 

ores  is  regularly  noted  in  the  "  Mineral  Statistics."  The  n  um- 
ber of  tons  is  also  given  up  to  the  year  1873.  The  silver 
Mode  of  esti-  oontcuts  of  thcse  orcs  are  not,  however,  inferable  from  their 

matins  value  ©^  g^Qgg  weight  aud  valuc,  bccausc  a  higher  price  i>er  ounce  is 
paid  for  the  silver  in  high-gr^e  ores  than  for  that  in  poor 
ores.  A  comparison  of  the  average  price  per  ton  with  a 
price  list  would  consequently  lead  to  too  high  a  valuation  of 
the  number  of  ounces  of  silver  imported.*  The  error  which 
would  be  incurred  by  such  a  procedure  can  be  obviated  by 
assuming  a  suflftciently  high  rate  in  calculating  the  contents 
from  the  value.  Five  pence  per  ounce  would  certainly  be  a 
small  mean  charge  for  the  separation  of  silver  from  its  ores.t 

*  The  maximum  price  per  onnce  is  subject  to  a  deductiou  which  is 
inversely  proportional  to  the  number  of  ounces  per  ton.  Hence  the 
mean  contents  of  two  lots  correspond  to  a  lower  rate  than  is  actnaUy 
paid.  Were  this  relation  reversed  it  would  pay  to  mix  i>oor  ores  with 
rich  ones,  an  absurd  supposition. 

t  The  average  value  of  tl^e  imported  silver  ores  for  three  of  the  years 
under  discussion  in  which  the  tonnage  is  given  is  just  £100. 


ores. 
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SUv€r. 


Silver  in  lead. 


This  is  about  the  difference  between  the  value  of  standard  qbkat  BBirAm. 
silver  and  fine  nilver.  In  the  table  given  below  the  amount 
of  silver  obtained  from  silver  ores  has  been  estimated  by 
dividing  the  declared  value  of  the  silver  ores  imported  dur- 
ing that  year  by  the  average  price  of  standard  silver  (0.926 
fine)  for  the  same  period. 

It  may  be  assumed  that  all  the  lead  imported  into  Great 
Britain  is  desilverized  there,  because,  on  account  of  the  or- 
ganization of  industry  and  the  abundanoe  of  fuel,  the  sep- 
aration can  be  more  economically  effected  there  than,  for 
instance,  in  Spain  or  Greece,  the  principal  sources  of  supply. 
It  is  probably  fair  to  assume  that  the  imported  lead  con- 
tains at  least  25  ounces  of  silver  per  ton.* 

The  cupreous  pyrites  treated  in  England  contains  a  smaU  om^^^iSw!'*^'*" 
quantity  of  silver  per  ton,  which  is  at  present  recovered,  at 
least  in  i>art,  by  Claudet's  beautiful  process.  According  to  ci«»det 
Mr.  Phillips,  ordinary  pyrites  yields  in  this  way  0.65  ounces 
silver  per  ton.  The  process  was,  however,  only  introduced 
in  1870.  It  does  not  seem  excessive  to  allow  i  ounce  per 
ton  since  1874  from  this  source. 

The  amount  of  silver  derived  irom  copper  ores  other  than        suver  from 
pyrites  I  have  no  means  of  estimating.    Only  certain  cop-  '^^^ 
per  ores  are  apt  to  contain  silver,  but  such,  either  raw  or  in 
the  form  of  regulus,  would  naturally  be  preferred  for  ship- 
ment  I  will  assume  it  at  12^  ounces  per  ton  of  copper  pro* 
duced.t 


Mmate  of  silver  produced  in  Great  Britain 

ounces. 


from  imported  materiahy  in    Silver prodnced 

in  Britain  from 
imported    matc- 

riab. 


Tears. 


»4 

> 


I 


1870 

\9n' 


1,480,200 
1,503,000 
1, 187, 800 
'8,784,800 
8,707,000 
4,134,100 
3,168,600 
2,800,800 
2,273,000 
2,463,200 


560,475 
070,275 
1, 732,  525 
2, 0-21, 750 
2. 030. 050 
1, 790, 100 
1.  atO,  050 
2, 2*27, 725 
2, 252. 075 
2, 602, 700 


Fromoupreoas 
pyrites. 

From     other 
copper  ores. 

171.438 
200,025 
337.813 
205,888 
271. 275 
834,450 
848,675 
868,538 
452,388 
660,775 

240,810 
268,778 
252. 376 
330,656 

a 

is 
=1 

H 


2. 230. 000 
2, 780, 000 
3, 260, 000 
6. 100. 000 
11, 010, 000 
6, 1!60, 000 
5,  600,  050 
5. 170, 000 
5, 230. 000 
6, 080, 000 


*  Italian  lead  averages  25  oances,  according  to  Phillips.  Greek  lead 
^Terages  in  the  neighborhood  of  20  oances,  according  to  Percy.  Spau- 
1^  lead,  according  to  a  circular  of  Lace  and  Rozau,  44  ounces.  French 
*^  is  richer.    English  lead  averages  about  10  ounces. 

^Cupreous  pyrites  contains  2.8  per  cent,  copper.     If  ^  ounce  per 
^  pyrites  is  recovered,  then  18  ounces  of  silver  are  obtained  for  each 
'^'^  of  copper  derived  from  this  source. 
14  P  B ^VOL  4 
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OBBAT  BBiTAiK.  The  iteiiis  are  given  in  the  table  as  they  result  fro 
culation,  but  are  to  be  viewed,  of  course,  only  as,  pi 
distant,  approximations.    It  is,  however,  probably  i 

i9hp^u*ctiS^^®*y  *^^*  ^^®  amount  of  silver  produced  in  Great  I 
eaver.  ^^q^  foreign  ores  has  been,  since  1870,  excepting  in 

from  5  to  7  millions  of  ounces  yearly,  or,  say,  from  6 
millions  of  dollars.    Sir  Hector  Hay,  in  his  testimony 
the  British  Silver  Commission,  estimated  this  quant 
£1,000,000  5  Mr.  E.  Seyd  at  considerably  less. 
conwunptionof     The  cousumptiou  of  silvcr  in  Great  Britain  was  esti 
at  about  the  value  of  5^  millions  cf  dollars,  but,  it  ii 
without  taking  into  consideration  the  quantity  sep; 
either  fit)m  foreign  or  native  material. 
<^oai.  Coal. — Eather  more  than  one-tenth  of  the  output  c 

in  Great  Britain  is  exported,  and  this  relation  has 
pretty  constantly  observed  throughout  the  period 
Enort  one.  discussiou.    Both  cxport  and  consumption  were  mere 
teDto  o  the  out-  |.Qp^j^  |3y  ^}j^  crisis  of  five  years  back,  and  were  far  g 

in  1877  than  in  1872-'73. 

Mr.  Hunt  has  gathered  some  exceedingly  interestiuj 
concerning  the  uses  to  which  coal  is  put  in  Great  I 
for  the  years  1871-'72-'73.  The  table  for  1873  is  her 
stantially  reproduced.  In  a  second  table  I  have  calc 
the  proportion  of  fuel  consumed  for  various  purposes 
Mr.  Hunt's  table.  It  will  be  seen  from  these  tables  th 
mining  industry  consumes  almost  half  of  the  coal  u 
England  for  industrial  purposes  and  40  per  cent,  of  th< 
amount  burned. 

The  employ*    The  uses  for  which  the  coal  raised  in  Great  Britain  was  employed  tf 
•  men!  of  coal. 

Tin  smelting  and  refining 

Copper  smelting  and  refining 

Lead  and  silver  smelting  and  refining 

Zinc  smelting  and  refining 

Iron  smelting  and  refining 35, 

Mines  and  collieries 9,  i 

Total  mining  and  metallurgy .....* 45, ; 

Railways 3, ' 

Steam  navigation 3,  i 

steam  power  in  factories 27, 

Water  works i 

Gas  manufacture 6, 

Pottery,  bricks,  lime,  glass,  etc 3, 

Chemical  works  and  sundry 3, 

Household  consumption 20, 

Exportation  * 12, 

Tolal : 127, 

n  ■    — — ■ 

*  The  quantity  of  coal  exported  in  1873  is  given  at  a  slightl 
figrnre  in  later  numbers  of  the  '*  Statistics.'' 


limiNG   industries:   commissioner   HAGUE. 


211 


BdaUtt  quavtitiet  cf  coal  employed  for  varioue  purposes  hi  Great  Britain  great  britaei. 

in  1873.  


In  mining  and  motallnr^ical  indnstrica 

()n  railways 

b  iteam  navigation 

For  steam  power  in  factories 

For  steam  power  at  water  worka 

Formanumcturoof  gaa 

Inpotteres,  glass  works,  etc 

In  chemical  factories  nnd  snndry 

For  hoiuebold  consumption 

Qnintity  exported 


1 

g 

s 

e  coal  not  ex- 
ported. 

0  coal  indas- 
ly  consomed. 

X3 

^ 

f  th 
rial 

%^ 

«M 

O 

o 

O^ 

Percent. 

Per  cent. 

Percent 

35.74 

89.70 

4a  15 

2.98 

3.32 

4.02 

2.87 

3.1tt 

3.88 

CLOD 

24.10 

29.23 

.51 

.57 

.69 

5.17 

5.74 

8.06 

2. 72 

3.02 

3.66 

2.  .-ia 

2.82 

8.41 

15.70 
10.00 

17.04 

100.  CO 

100.  GO 

100.00 

Hclatlve  qnan- 
tics  of  coal  em- 
ployed for  vari- 
ous purposes. 


What  the  relative  proportions  in  other  conntries  are  it  ^i},^*of°^PJ^ 
miglit  be  difficalt  to  ascertain,  but  it  is  probably  safe  to  aay  employed  in  nnn- 
that  fully  one-third  of  all  the  coal  raised  is  consumed  in 
miniDg  and  smelting  operations.  The  economy  of  fuel  in 
iron-smelting  has  of  late  years  made  considerable  advances 
under  the  stimulus  of  high  prices  of  coal  and  low  prices  for 
iron.  In  1870,  Mr.  Hunt  ascertained  the  consumption  of 
coal  per  ton  of  pig-iron  to  be  three  tons.  In  1877  the  con- 
sumption in  the  manufacture  of  pig  had  fallen  to  2J  tons. 
The  manner  in  which  this  economy  has  been  effected,  the 
more  judicious  dimensions  selected  for  blast  furnaces,  the 
improved  hot-blast  stoves,  and  the  general  study  into  the 
science  of  iron-smelting  under  the  efficient  leadership  of  Mr. 
BcU  will  doubtless  be  discussed  in  the  special  report  on  iron 
and  steel. 

foreign  sources  of  supply  and  points  of  destination  of  ores  and    Sources  of  imp. 

metals  handled  in  Oreat  Britain.  tion  of  ores  anu 

metals. 

England  carries  on  not  only  a  larger  but  a  much  more  ex- 
tended trade  in  metals  and  ores  than  any  other  C/Ountry. 
Inl877  foreign  ores  were  imported  atG3  ports  in  the  United 
kingdom,  and  it  would  be  difficult  to  find  a  mining  district 
in  the  world  which  does  not  send  ore  or  metal  to  England,  merciai 
or  a  market  at  which  no  metal  is  received  from  the  United 
Kingdom.  An  exhaustive  discussion  of  this  traffic  would 
be  scarcely  possible  under  the  most  favorable  circumstances, 
and  no  attempt  will  be  made  here  to  do  more  than  give  a 
few  characteristic  data  and  to  point  out  a  few  salient  fea- 
tures of  the  subject.  The  tables  are  especially  recommended  x?*^pSge7^22i- 
to  those  ^ho  feel  any  interest  in  the  matter,  as  small  infor-  225! 


EnglamVs 
worldwide  com- 
intec- 
oonrse. 
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GiiEAT  BBiTADr.  matioii  aiid  a  trifling  amount  of  patience  will  serve  to  elici 
many  interesting  facts  concerning  the  development  of  h\ 
man  industry  and  the  interdependence  of  human  pursuit 
from  them. 

^»-  Tin. — Little  tin  ore  has  been  imported  into  England,  e: 

cept  for  a  couple  of  years  after  the  opening  of  the  Australia 

Table  VI  (page  tin  mines.    Chili  and  Peru  send  a  small  amount  with  son 

221). 

regularity,  and  Holland  and  the  Straits  now  and  then  a  toi 
^^tirces  of  tin  This  (wc  is  probably  brought  to  Europe  as  ballast  by  tradin 

vessels  which  have  been  cruising  among  the  islands  of  tli 
Malayan  Archipelago.  The  Cape  also  sends  a  trifling  amoni 
from  time  to  time.  Even  France,  Spain,  Portugal,  and  otlie 
cx>untries  have  occasionally  sent  a  few  tons.  The  fact  is  tha 
tin-stone,  like  cinnabar,  is  not  a  very  rare  mineral,  thoug] 
there  are  but  few  localities  where  it  occurs  in  paying  quan 
titles.  It  may  be  a  surprise  to  some  to  see  that  Australii 
sent  tin-stone  in  relatively  considerable  quantities  to  Englan( 
long  before  the  mines  which  have  grown  so  important  wer 
discovered.  The  contents  of  the  ore  recorded  in  the  tabl 
may  probably  be  taken  at  about  70  per  cent,  metallic  tir 
Australia  The  principal  foreign  sources  of  metallic  tin  are  Austral! 
mi'iits  thoprinci-  and  the  Straits,  tin  from  the  Dutch  Indies  going  principall. 
t*aiHc  ttof***  ™*  to  Continental  markets.  It  is  interesting  to  observe  fror 
the  table  how  rapidly  the  Australians  mastered  the  busines 
of  tin-smelting,  the  exports  of  ore  having  fallen  within 
couple  of  years  of  the  great  discoveries  to  a  lower  poio 
than  that  at  which  they  were  before,  and  the  amount  c 
metal  sent  "home"  having  more  than  proportionately  ii 
creased.  The  imports  of  tin  from  Australia  are  given  a 
per  parliamentary  returns.  In  later  volumes  of  the  "  Stfl 
tistics,"  however,  Mr.  Hunt  appears  to  adopt  figures  at  firs 
given  as  unofQcial,  and  which  are  a«  follows : 

TODI 

Importsof  Ana- 1872 15 

traliantin.  ^^^ 2,99 

1874 5,80 

1875 7,21 

The  imports  from  the  Straits  show  a  rapid  increase.    Thi 

tin  appears  to  be  smelted  by  natives  and  Chinese  on  th 

Malayan  Peninsula,  from  stream  tin,  in  rude  hearths,  butth 

writer  has  been  unable  to  find  any  statement  of  the  cond; 

raiiinprioeandtions.    The  principal  consumers  of  tin  are,  as  might  hav 

?^8umptk!^    been  expected,  France,  Germanj',  and  the  United  States 

and  the  consumption  has  grown  enormously  with  the  fall  c 
price.  Germany  produces  some  tin  for  home  consumptioi 
and,  of  course,  Dutch  tin  is  consumed  more  or  less  in  a 
countries. 


MINING   INDUSTRIES:    COMMISSIONER  HAGUE.  213 

It  will  be  observed  that  the  table  contains  no  data  for  Q"^^  umrAP. 
1876  and  1877,  and  the  same  will  be  found  to  be  the  case  for 
several  of  the  sncceeding  tables  as  well.  For  these  years  Tin. 
neither  the  ^^  Mineral  {Statistics "  nor  the  ^^  Economist^  gives 
sufficiently  detailed  accounts  of  the  imports  and  exports  to 
make  the  compilation  of  the  data  possible,  a  fact  which  I 
greatly  regret. 

Copper. — ^By  no  means  all  of  the  sources  of  supply  are    copper. 
given  in  the  table,  many  other  countries  sending  small  lots  ^       TaWo  vii 
of  ore  and  metal;  nor  are  the  copper  contents  of  cupreous 
pyrites  taken  into  account.    Chili,  Australia,  and  the  CajiC    sourceauf  cup- 
of  Good  Hope  are  the  principal  countries  from  which  Great  KiL"" 
Britain  imports  copper  and  its  ores,  and  of  these  Chili  is 
much  the  most  important    It  will  be  noticed  with  interest        increnao  in 

,  AuAtrnliaii     and 

that  both  Australia  and  Chih  are  every  year  sending  a  chuiau  irapons 

.......  ,  1,  ^ot  metallic  cop- 

greater  proportion  of  metaUic  copper,  and  a  smaller  one  of  per. 

ore,  indicating  the  advance  of  the  metallurgical  industries 

of  those  countries.     The  Cape,  on  the  other  hand,  while 

sending  far  more  ore  to  England  than  any  other  country 

except  Chili,  sends  no  metallic  copper  and  only  an  iusignili- 

cant  quantity  of  regnlus.    The  metallic  contents  of  the  ore 

and  regulus  are  higher  than  formerly,  apparently  because 

most  of  the  regulus  now  imported  is  concentrated  at  the 

mines.    The  average  copper  content^s  of  ore  and  regulus  j^^^J;^f^l^J^^\ 

together  were  18  per  cent,  iu  1873,  in  which  year  about  one-  iniportn. 

tliird  of  the  total  importation  was  regulus,  while  in  1877, 

Ws  than  one-fourth  of  the  total  being  regulus,  the  average 

copper  contents  were  abdut  24  per  cent. 

All  the  principal  countries  of  Europe  and  British  India cop^ierfnlmEnK^ 
3Je  large  consumers  of  copper  Irom  England,  though  several  *»»*'• 
of  them  are  large  producers.  The  United  States,  on  the 
other  hand,  has 'bought  only  insignificant  amounts  of  this 
iiietal  from  England,  except  in  the  years  of  inflation,  nor 
does  this  country  send  any  noticeable  quantity  of  ore  or 
^etal  to  England,  although  Lake  Superior  copper  has  the 
preference  tor  telegraphic  puri)oses. 

Lead, — Comparatively  little  lead  ore  is  imported  into  En-    Lead. 
gland,  and  that  chiefly  from  Italy,  while  Spain  sends  enormous       Tnbie  viii 
*Qd  increasing  quantities  of  the  metal.    Greece  sent  large  ^^^"^^ 
amounts  of  metal  for  a  time,  but  the  import  from  that  country    sources  of  lead 

f  u    ta»        11       1     .     -i^0m,      •■•-«,.  and  lead  ore 

leil off  suddenly  in  18^  4.  Much  the  most  imj>ortant  customer 

of  the  English  lead  merchants  is  China,  which  in  1877  took    china  the  prin. 

.  ^  '  elpal      cuHtomei 

about  as  much  as  all  the  other  principal  countries  together,  of  England. 
France,  Germany,  Eussia,  and  the  United  States  are  of 
course  large  producers  of  lead.    The  quantity  bought  by 
the  United  States  has  fluctuated  greatly,  though  on  the 
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GRBAT  BRITAIN,  \ybole  it  hos  decliiied  since  1870,  when  it  was  nearly 
Lead.  tons.    In  1875  we  bought  of  England  only  485  tons,  I 

importation  had  risen  again  in  1877  to  nearly  3,00C 
The  figures  for  exportation  are  the  corrected  values  gi 
the  "  Mineral  Statistics  ^  for  years  subsequent  to  th 
which  the  numbers  refer.  I  am  inclined  to  ^he  opinion  t 
the  years  1876  and  1877  only  the  British  lead  is  reporl 
though  no  statement  to  that  efiect  is  made.  The  es 
tion  of  foreign  lead  is  small,  being  less  than  10  per  c 
the  whole  in  1875.  Eussia  in  that  year  took  the  1 
proportion  of  foreign  lead,  aboutone-eighth  to  seven-e 
of  British  production. 
^*^'  Zinc. — Large  quantities  of  zinc  ore  of  foreign  prod 

^  Table  rx  (page  ju^  smcltcd  at  Swausea.  They  come  chiefly  from  Spa 
Si»ani8h  and  Sardinia,  especially  the  latter,  and  are  mainly  cart 
or«»-  rj^Yxe  importation  of  zinc  ore  from  Sardinia  began  in 
and  was  over  .30,000  tons  in  1870,  but  little  more  thi 
this  quantity  in  1875,  and  still  smaller  since,  for  in  1) 
total  quantity  of  zinc  ore  imported  fell  short  of  12,00 
In  1877  the  total  imjwrtrose  again  to  over  19,000  torn 
imports  of  ore  from  other  countries  are  insignificant 
metallic  contents  of  the  imported  ore,  as  calculated  £ 
value,  are  in  the  neighborhood  of  40  per  cent.  Pure  c 
ate  contains  52  per  cent.* 

of  Sffian  *!!Sd     ^e^&i'iiii  and  Silesia  are  the  two  most  important  zii 
siJ«jiMi  metauio  duciug  districts  in  Euroi>e,  and  from  them  England  ii 

the  greatest  quantity  of  crude  and  manufactured  ( 
rolled)  metal.  England  also  imports  much  zinc  froi 
land,  a  country  which  produces  none.  I  have  failed 
cover  how  this  happens. 

Great  Britain  exports  insignificant  quantities  of  zi 
cept  to  its  own  possessions  in  India, 
j,^  Iron. — No  sufficient  data  for  ascertaining  the  distri 

of  iron  exported  from  England  have  been  found. 
PtrriUi.  Pyrites. — Spain,  Portugal,  and  Norway  furnish  esse 

Table  X  (page  all  the  pyritcs  imported  into  England.    In  the  begini 
the  period  under  discussion  Portugal  was  the  main 
of  supply,  but  the  Spanish  mines  have  been  develops 
great  steadiness  and  rapidity,  and  in  1876  fumishec 
thap  four-fifths  of  the  total  supply. 
Coal.  Coal. — Excepting  Belgium,  all  the  principal  coum 

^abieXKpagejj^j^p^  are  large  consumers  of  British  coal,  Fran< 

*  The  zinc  contents  of  Sardinian  ore  probably  faU  a  little  i 
40  x>er  cent.,  a  higher  price  being  paid  for  the  8ax>erior  qaalit 
ore.  According  to  a  statement  of  Mr.  Vivian  to  Mr.  J.  A.  Phil 
Sardinian  product  averages  about  33  per  cent. 
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Gennany  leading.    The  large  amonnt  taken  by  Chili  is  no  queat  BnrrAni. 
doobt  sent  out,  with  manufactored  goods,  in  ships  which    ooai. 
come  home  loaded  with  copper,  etc    The  coal  sent  to  the 
Pnited  States  is  probably  for  gas-making  purposes.    The^^^^^^^o' 
high  prices  of  1873  checked  the  exportation  to  most  coun- 
tries, but  the  general  tendency  is  to  a  decided  increase; 
Germany,  however,  has  never  since  imported  so  much  coal 
from  England  as  in  1871,  while  France  takes  about  half  as 
much  again  as  at  that  pei  iod.    British  India  affords  a  large 
ami  constantly  increasing  market  for  English  coal,notwith 
standing  the  immense  distance. 
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OBBAT  BBIEADI. 
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6BBAT  BBHAIN. 


Production  of 
metals  and  min- 
endg  in  the  Uni- 
ted Einfi^om. 
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GHKAT  BRITAIN. 
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7'abij5  VL— Tin  :  Principal  sources  of  supply  and  points  of  destination  of  great  bbitaik. 

metal  and  ore  handled  in  England.  2» 


IMPORT  OF  ORE. 


C^onntriea. 


AuAtralia 

Cbili 

Holland  . 

T*CTT1. 

Straits... 


1860. 


120 


516 
6 


1865. 

1870. 

1871. 

1872.  I 

222 

164 

102 

812 

79 

105 

187 

18 

1 

7 

43 

307 

70 

150 

101 

14 

671 ; 

1 


Soarcesof  sup 
ply  and  points  of 
destination. 


8,656 

60 

28 

1 

1 

535 

296 

1 

26 

IMPORT  OF  METAL. 


Austndia 
CUili 
;Bollan.i 
Pom .... 

StTtiitu . . 


•   •  •  •  • 

10 

50 

150 

209 

79 

2,060 

1,866 

298 

10 

284 

448 

2,335 

5,450 

0,005 

494 
114 

1.770 
387 

4,812 


4,024 

43 

452 

867 

4,177 


7,218 

68 

467 

202 

8,566 


EXPORT  OF  METAL. 


jLossia 

Turkey 

Iprance 

Germany  .   .  . 

rrnit«d  Stttea 


619 

ffil 

669 

681 

6825 

967 

780 

270 

243 

328 

477 

388 

461 

1,173 

1,627 

1,455 

2,307 

2,480 

1,556 

2,124 

155 

528 

368 

739 

078 

718 

1,160 

194 

1 

2,943 

2,079 

1.699 

1,462 

1,720 

8.489 

862 
2,420 
1,871 
1,1 
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GREAT  BBITAIN. 
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OKBAT  BRITAIN.  Table  IX.— Zifw.*  PHncipal  aouroea  of  supply  and  points  of  destination  of 

metal  and  ore  handled  in  England, 


Zinc. 


IMPORT  OF  OBE. 


Soarccs  of  sup- 

Sly  aad  points  of 
estination. 


Coontries. 


France 

Italy 

Norway  and  Swe- 
den   

Spain 


1860. 

1865. 

1870. 

HJ71. 

1872. 

1873. 

1874. 

Tont. 
706 

Tout. 
1,510 

Tom. 

2,246 

31, 417 

1.444 
0,102 

Tom. 
1,058 
20,761 

045 
6,086 

Tom. 

843 

25^206 

1,430 
5,010 

Tom. 
1,4  6 
21,603 

1,114 
5,120 

Tons. 

710 

14,734 

328 
5,201 

138 
3,434 

75 
3,545 

1875. 

Tom. 

17,205 

55 
3,500 


IMPORT  OF  SPELTER  AND  MANCTFACTTJRED  ZINC. 


Belgiom  . 
France. . 
Germany 
Holland. 


3,431 

8,240 

16,786 

17, 175 

10,320 

8.781 

6,310 

363 

427 

432 

380 

1,065 

3.208 

1,875 

18,042 

18,354 

8,492 

5,870 

7.115 

11,622 

11,882 

1.503 

3,880 

4,632 

6,027 

7,433 

8,514 

8.880 

13,«81 

2,247 

11,4«8 

10.011 


EXPORT  OF  SPELTER  AND  MANUFACTURED  ZINC. 


Anstralia 

British  America. . 
British  India.... 
FranCfe 

232 

110 

5,088 

1,527 

63 

526 

130 

3,005 

2,008 

240 

1,310 

424 
105 
5,001 
1,012 
235 
448 

242 
242 
5.008 
597 
100 
253 

403 
105 
4,002 
50 
211 
410 

505 
102 
1,006 
541 
280 
80 

782 
306 
2,106 
564 
25 
185 

062 

872 

2,975 

798 

Turkey 

United  States.... 

111 

PyritM. 


ply. 


Table  X,—ryrites:  Principal  sources  of  supply  of  the  mineral  treated  in 

England, 


Sources  of  snp- 


Countries. 

1865. 

1870. 

1871. 

1872. 

1873. 

1874. 

1875. 

1876. 

Spain 

Portagal. 
Norway  .. 

Tom. 
16,303 
137,787 
22,220 
14,727 

Tom. 

150,000 

174. 450 

67,467 

14,014 

Tom. 

242. 101 

120, 573 

74,416 

12,800 

Tom. 
257.420 
180,320 

71,665 
5,682 

Tom. 
246, 002 
100,550 

07,402 

Tops. 
204,117 
162,669 

41,044 

2oM. 
344,010 
165^433 

21,820 

Tom. 
410,068iS 

56,57VH 

7,6»^ 
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Pointa  of  desti 
nation  of  exiMxts. 


IV. 

AU8TBALIA.  AUSTRALIA. 

THE  AUSTRALIAN   EXHIBIT. 

Four  colonies  The  Austialiau  colonies  represented  at  the  Exposition, 
viz,  Queensland,  New  South  Wales,  Victoria,  and  South 
xVustralia,  made  a  fine  exhibit  of  ores  and  metals  and  of 
photographs  of  localities  and  mining  operations.  Mining 
appliances  were,  unfortunately,  absent,  but  on  the  other 
hand  descriptive  and  statistical  information  were  freely  dis- 
tributed. 

After  all,  an  exhibit  of  ores  and  products  serves  as  httle 

more  than  an  illuBtrated  index  to  the  mineral  industry  of  a 

A  CO  lection  of  country.    For  any  comprehensive  view  of  the  subject  one 

ores  and  products  .  -i       i.  ^  •    ^    j     •    /•  ^» 

must  bo  supple-  must  neccssaruy  have   recourse  to   pnnted   information, 

mented  by  statis-      »     ^.i  x    ^'   j.*      i         x     i_    •      i 

tics.  whether  statistical  or  technical. 

An  attempt  will  be  made  in  the  following  pages  to  pre- 
sent such  a  sketch  of  the  mining  industries  of  the  great~ 
southern  continent  as  it  is  supposed  will  be  welcome  tc^ 
Americans,  not  altogether  neglecting  applied  science  mymr 
omitting  to  trace  the  developments  and  achievements  of  th^B> 
Extraordinary  purely  Commercial  side  of  mining.    The  astonishing  variet,^^' 
danMj^f^Austrc-  aiid  abuudauce  of  the  mineral  resources  of  Austialasia,  an.^1 
wotomI"*"^  ^^'  more  particularly  of  New  South  Wales,  and,  as  it  seems,  a  ^1 

the  islands  of  New  Zealand,  where  development  has  scarce' 

yet  begun,  make  them  an  interesting  subject  for  the  tec 

nologist  and  an  important  one  to  those  who  ^'  go  down 

the  sea  in  ships." 

An  extensive  but  somewhat  desultory  literature  of  t 

The  sources  of  Australian  mineral  resources  exists.    The  writer  has  avaiL^?d 

foi^aition^^        himself,  in  addition  to  the  catalogues,  essays,  and  pa*:Ki]- 

phlets  distributed  at  Paris,  of  a  variety  of  works  and  scatter-^ 
memoirs,  and  would  gladly  have  extended  his  inquiries   to 
many  publications  not  within  reach.    It  is  not  too  mucli.  to 
hope  that  one  result  of  the  approaching  International  Ex- 
The  approach,  hibitiou  iu  Australia  will  be  a  wider  dissemination  in  Amer- 
imemationa?^^  ica  of  the  Valuable  documents  in  the  publication  of  wliicli 
hibition  o  1    .  ^^^  colouial  govemmeuts  have  shown  a  most  intelligent  re- 
gard for  technology  and  science. 

It  has  been  the  writer's  intention  to  accredit  all  informa- 
tion to  the  proper  sources. 
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The  mineral  resources  of  Australia.  aubtbalia. 

Its  minetid  r^ 

So  little  attention  is,  in  general,  devoted  to  Australia,  the  *o»«'«*- 
character  of  the  conntry,  and  its  resoorces,  that  a  few  words 
of  general  description  may  not  inappropriately  precede  an 
account  of  its  mineral  industry. 

Australia  lias  an  area  of  3,000,000  square  miles,  or  approxi- .  4.^»  "'  ^"•^ 
iiiately  the  same  as  that  of  the  United  States,  excluding  same    a»    th« 
Alaska.    The  intenor  of  the  continent  is  a  desert,  and  one-  Alaska exciudca. 
third  of  it  is  practically  unexplored.    Leaving  oat  of  con-  terfor.  ^  ** 
sideration  the  comparatively  insignificant  colony  of  West 
Aastralia,  the  interest  concentrates  upon  four  colonies  in  the 
eastern  and  southeastern  portion  of  the  territory.    The  east-       The  ewtern 
em  side  of  the  continent  is  occupied  by  Queensland,  New  ^^  ^^*' 
South  Wales,  and  Victoria.    Queensland  is  the  most  north- 
eriy  and  the  largest  of  the  colonies;  Victoria  the  southern- 
most, smallest,  and  moat  populous.    On  the  south  shore  and  and  the»outhern. 
immediately  we^t  of  New  South  Wales  and  Victoria  lies 
Sooth  Australia.    The  four  colonies  offer  a  continuous  coast, 
occupying  perhaps  three-eighths  of  the  circumference  of  the 
continent.    The  settlements  cover  a  strip  of  country  extend-  setaementoand 
mg  two  or  three  hundred  miles  inland,  and  amounting  to  ^^      ***** 
perhaps  one-fifth  of  the  area  of  Australia.    The  population 
of  these  four  colonies  exceeds  1,600,000. 

The  physical  character  of  Eastern  Australia  is  remarkably  Physicjii  chAr- 
regular  and  resembles  Western  America  in  its  most  stnkmg  Australia  similar 
foitures,  essentially  as  it  ditt'ers  from  the  Pacific  coast  in  a  cSast  *of  Nonh 
geological  aspect.  "®  ** 

From  one  end  to  the  other  of  the  east  side  runs  a  chain 
of  Cordilleras  parallel  to  the  coast.  The  main  ranges  are  at  The  coort  range, 
»n  average  distance  of  not  more  than  100  miles  inland,  and 
their  average  elevation  is  not  over  1,500  feet,  although  peaks 
in  the  southern  portion  rise  to  7,000  feet.  Subordinate  par- 
aDel  ranges  and  divergent  spurs  occupy  a  tract  of  country    aod  divergicDi 

*'  *       spurs. 

extending  some  hundreds  of  miles  from  the  coast,  and  the 
main  range  turns  westward  for  some  400  miles  at  its  south - 
em  extremity,  still  following  the  shore  line.  It  is  almost  a 
matter  of  course  that  the  line  of  the  great  cordillera  should 
experience  local  deflections  from  its  general  direction,  and 
these  deviations  would  not  be  referred  to  but  for  the  extra- 
ordinary fact  that  strike  of  the  slates  and  other  older  sedi-  upheaval  of  tuo 
mentary  strata  upheaved  along  this  chain  preserves  a  meri-  tary^stwto.  "*"" 
<lianal  course  irrespective  of  the  mountain  formation.  The 
strike  of  the  slates  consequently  crosses  the  westerly  branch 
in  which  the  cordillera  terminates  at  its  southern  extremity 
it  right  angles,  and  crosses  more  northerly  bends  in  the  chain 
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AusTBAUA.     at  an  angle  equal  to  their  deviation  from  the  meridian ;  and 
Its  mineral  re  so  strictlv  unifomi  is  this  line  of  fra<5ture  that  bewildered 

hoarees. 

travelers  in  the  mountains  refer  to  the  slates  to  regam  their 
bearings. 
Comparison  of     It  was  ouce  siipposeti  tluxt  the  geolofi:y  of  Australia  and 

Australian     and  '^  *■  »  e»^ 

tho  Pacific  coast,  the  Pacific  coast  were  nearly  allied,  and  analogies  there  un 

questionably  are ;  but  these  tend  rather  to  prove  the  preva 
lenceof  similar  phj^sical  and  chemical  conditions  in  various 
Indications  of  geological  cras  than  the  coeval  development  of  the  mineral 
Smichonuc^con-  rcsources  of  the  two  most  important  gold-bearing  regions  of 
fere^ geological  the  world.    In  fact,  so  far  as  the  formations  found  in  the  two 
*^'*'*'  localities  are  concerned,  they  may  be  said  to  be  almost  anti- 

thetical, in  some  respects  much  to  the  advantage  of  Aus- 
tralia. 
Roika  spec-     In  Western  Australia  Archaean  granites  are  largely  de- 
wo^tera  AustiS  vclopcd,  whilo  the  Silurian  is  represented  only  by  occasional 
patches.    The  Tertiary  is  well  developed  in  Western  Austra- 
Abscucoof  cer-  lia  aud  iiloug  the  southern  coast  into  Victoria.    On  the  east- 
tho^eastera^oaS  cm  coast,  with  its  cordillcra,  however,  it  is  doubtful  whether 
™°^®'  any  Azoic  rocks  have  been  found,  the  crystalline  schist,  etc., 

being  referred  to  the  lower  Silurian.    Paleozoic  rocks  are 
very  highly  developed,  as  are  also  the  Mesozoic,  while  ex- 
cept at  its  northern  and  southern  extremities  the  great  mount  - 
-    ain  belt  of  Eastern  Australia  lacks  the  Tertiary. 
The  eaatern     The  castcm  cordillcra  of  Australia  is  then  a  mountain.  ^ 
range  which  has  been  upheaved  in  Paleozoic  and  Mesozoi  ^- 
Its  upheaval,  fomiations.    The  disruption  has  been  accompanied  by  ou"*: 
snip  on,  etc.    |^^J.g|.g  ^f  igncous  rocks,  apparently  of  many  diflferent  »gej^^== 

and  this  action  has  been  accompanied  by  more  or  less  met^^^ 

morphosis  or  transmutation. 

These  are  plainly  geological  conditions  likely  to  be  accoc  i 

Vaat  oro  do-  pauicd  by  ore  deposits,  and  such  there  are  in  wonderful  w — ti 

of  250 ^by*  1,700  riety,  covering  a  belt  coincident   with  that  of  the  sett  IMe 

ments,  two  or  three  hundred  miles  wide  and  1,700  miles  loiiz*^'. 


There  is  a  second  belt  of  mineral  deposits  in  South  A"t«5- 
tralia,  where  there  exists  a  comparatively  small  range    of 
mountains,  also  running  north  and  south,  at  a  distance  of 
some  700  miles  west  of  the  more  important  chain.    The  pre- 
dominant ores  in  the  South  Australian  chain  are  those  of 
rarau  1  ore  coppcr,  and  in  their  parallelism  and  difference  of  mineraliza- 

b'At     of     South    .  *  ^      '  .  *^         ,  ,  .  ,  . 

Australia,         tiou  WO  rccoguize  ail  analogy  to  the  successive  ore-beanng 
h  V^  ^®^  2®*-  belts  of  the  region  of  the  Pacific.    New  Zealand  ma}^  be  re 

garded  as  a  second  parallel  mineral  belt, 
unequaied  va-     The  varictv  of  Valuable  minerals  met  with  in  the  Austra- 

r;<'tv  oT  valaabl')  ' 

inineraia  liau  coast  rangcs  is  unequaied  in  any  other  part  of  the 

world.    Gold,  copper,  tin,  and  coal  are  indeed  the  princi^ial 
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mineral  products,  but  several  others  are  of  no  trifling  commer-     austbaua. 
cialimportance,  as  bog-head  mineral  or  "  kerosene  shale,"  iron,     it*  minerai  re 

'  gourees. 

lead,  and  silver  and  antimony,  while  diamonds  and  a  variety 
of  other  gems  and  quicksilver  have  been  sought  for  with 
some  saccess. 

The  importance  of  the  rainfall  to  mining  interests,  ^^^^  jt7^SfluOTc?iS 
more  particularly  to  gold  mining,  is  well  known  wherever  nuuins  interest*, 
this  industry  is  pursued.    In  Eastern  Australia  the  rainfall 
is  mach  as  might  be  anticipated  from  the  general  physical 
features.    On  the  coast  the  yearly  rains  amount  to,  sa} ,  &om 
20  to  50  inches.    The  quantity  diminishes  toward  the  inte- 
rior, and  on  the  westera  slope  of  the  cordillera  some  places 
escape  rain  altogether.    In  California  the  placer  mines  are     Australia  ano 
on  the  wet  side  of  the  enormous  range  of  the  Sierra  Nevada,     *  ^™  ^ 
which  serves  as  a  reservoir  for  a  large  fall  of  rain  and  slowly 
melting  snow.    In  Australia  the  comparatively  small  range 
of  mountains  and  the  distribution  of  deposits  is  against  the 
miner,  who  is  often  compelled  to  contend  with  lack  of  water. 

A  comprehensive  idea  of  the  mineral  industry  of  Austra-       The  o<doniai 

1.    .  division    of   tho 

ha  IS  less  common  than  it  would  be  bat  for  the  political  con-  countryas  aflfect- 

stitution  of  the  country.    The  four  colonies  have  no  politi-  o^  oompreiK^" 

cal  connection,  nor  is  there  aay  co-operation  in  the  matter  tisUcT  *°^  *  * 

of  sorveys,  mineral  statistics,  and  the  like.    Hence  data 

inost  be  sought  independently  for  the  mining  districts  of 

^h  colony,  although  no  natural  division  exists  between 

them.    It  will  be  the  object  of  the  following  remarks  to  trace 

briefly  the  past  history  aad  present  condition  of  each  of  the 

^ore  important  mining  industries,  independently  of  politi- 

^  divisions. 

Gold. — It  was  of  course  the  secondary  stream  or  placer  de-    Gold, 
posits  of  gold  which  first  attracted  attention.    It  was  for- posits  ^o&U to 
^erly  supposed  that  these  gi'avel  deposits  containing  water-  *^"'™<^'»<*«o^'^° 
^om  gold  were  of  recent  oiigin.    It  has  been  shown,  however, 
that  the  period  of  their  formation  extends  back  into  the 
I*aleozoic  eras.    Mr.   C.  S.  Wilkinson   writes  as  follows:  c. s. wiudnsou. 
"North  of  Gulgong,  at  Tallawang,  the  coal  measures  cover 
a  large  area  of  country ;  their  lowest  beds  have  been  fouiid 
to  be  payably  auriferous.    •    •    •    The  gold  is  coarse  in 
size,  remarkably  scaly,  and  water-worn.    •    •    •    These 
alluvial  deposits  are  of  four  periods,  Pliocene,  Upper  Plio-    xuc  pcnods  oi 
ceue.  Pleistocene,  and  Recent  j  and  now  we  can  add  another —  pitiu.  "  ^     ^ 
the  Carboniferous — the  oldest  formation  as  yet  discovered 
containinff  drifted  or  water-worn  gold.''    Rev.  W.  B.  Clarke      Rev.  w.  b. 

( /inrlce 

had  previously  discovered  minute  quantities  of  gold  in  car- 
boniferous conglomerate.    As  in  California,  the  auriferous 
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AU8TRAUA.     gravsls  are  uot  infrequently  covered  with  beds  of  volcanic 

Its  mineral  re-  rOCk. 

Gold.  Gold  is  also  found  in  place,  and  a  very  large  proportion  of 

the  metal  now  yearly  extracted  is  obtained  from  veins.  For 
a  time  it  was  maintained  that  these  veins  were  remunera- 
tive (the  Australians  use  the  somewhat  ambiguous  expres- 
sion ^^  payable")  only  in  certain  formations,  and  that  deep 
mining  must  necessarily  be  unprofitable.  It  has  been  con- 
clusively shown,  however,  that  while  the  majority  of  paying 
Gold  in  vciDB.  vcius  are  found  in  certain  formations,  rich  veins  also  occar 
in  others,  and  that  there  is  no  tendency  of  veins  otherwise 
favorably  placed  to  give  out  in  depth. 

The  typical  habitus  of  gold  in  place  in  Australia  is  in 

quartz  veins,  and  in  the  southern  portion  of  the  gold  belt 

Tho  origin  of  (Victoria)  the  gold  is  chiefly  derived  from  veins  or  "  reefs  ^  in 

t^  go    n    c    ^^^  Lower  Silurian,  without  being  confined  to  this  formation. 

In  the  central  portion  of  the  chain  of  the  Cordilleras,  gold 
inQueenaLind;    is  more  generally  distributed,  and  in  Queensland  ^^mica- 
cious  diorite,  serpentine,  pyritous  felstone,  and   compact 
quartzite  are  gangues  in  many  localities,  to  the  total  exclu- 
sion of  quartz.''    Gold  in  sitUj  however,  is  not  confined  to 
veins.    It  is  also  met  with  in  igneous  rocks  and  sedimentai> 
iu   New  South  Strata.  Mr.  Clarke  says :  *  "  Much  of  the  gold  in  New  SoutL 
waiesi  Wales  is  derived  from  iron  pyrites  in  granite,  and  in  beds  o 

in  New  Zealand.  Sedimentary  origin.    ♦    •    •    In  New  Zealand  gold  som%^ 

times  occurs  so  mixed  with  silloious  particles  as  to  const  i 
tute  with  them  a  gold  sandstone."  Elsewhere  t  he  says  c: 
Queensland:  *' Oftentimes,  where  there  is  no  reef  or  vein  <: 
any  kind,  the  whole  mass  of  the  rock  is  charged  with  goldl. 
Mr.  Wilkinson  states,|  as  a  remarkable  fact,  long  sin.^ 
pointed  out  by  Mr.  Clarke,  that  the  hornblendic  granites  • 
New  South  Wales  are  auriferous.  In  all  the  gold  fields  :m: 
cently  examined  Mr.  Wilkinson  has  noticed  that  homblenc^ 
granites  and  intrusive  diorite  are  the  original  sources  frc:> 
The  origin  of  ^^ch  the  gold  iu  the  gravel  deposits  has  been  deri^«( 
dep58Ji!°^™^^^Gr<>ld,  moreover,  seems  to  accompany  iron  pyrites  evei^ 

where  in  ancient  and  recent  formations.    To  leave  out  lesi 
extraordinary  occurrences,  Mr.  Clarke  speaks  of  the  dis- 
Found  in  conL  covcry  of  a  lump  of  gold  in  a  lump  of  coal ;  and  Mr.  B.  B. 
R.B.  Smyth.     Smyth  mentions  §  that  the  pyrites  from  an  old  tree  trunk 
was  examined,  the  yield  of  which  was  at  the  rate  of  over 30 
dwt.  per  ton. 

*  Mines  and  Mineral  Siatiatica  of  Keto  South  WaleSf  p.  153. 
t  Pro(fre88  of  Gold  Diacoteryin  Australasia  from  1860  to  1871. 
t  Annual  Report  of  Department  of  MineSj  N,  S,  JF.,  1875. 
$  aoM  Fields  and  Mineral  DU^tricta  of  Victoria,  p.  261. 
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The  physical  structure  and  the  lithological  character  of    aubtbalia. 
the  surroauding  rocks  both  afiect  the  yield  of  quartz  veins    its  mineral  re- 
in Australia.    Mr.  H.  A.  Thompson,  a  well-known  mining    Gold.' 
engineer,  has  observed*  that  only  partially  decomposed  aon.  **"^ 

granites  and  diorites  carry  gold-bearing  veins,  and  that  if 
the  decomposition  of  the  adjacent  rocks  penetrates  only  to 
a  small  depth  the  quartz  veins  cease  or  become  barren. 
Veins,  too,  crossing  planes  of  bedding  or  stratification,  or    structuro  and 
at  the  contact  between  unconformable  beds,  are  richer  than  acuacent  ^rociu 
others.    In  short,  the  conditions  for  infiltration  must  exist,  yield.  ^*  °^ 
It  is  a  mistake  to  suppose  that  highly  altered  strata  are  in- 
diBpensable  to  paying  quartz,  many  of  the  best  veins  being 
in  unaltered,  soft  Silurian  beds.    The  influence  of  intrusive 
hornblende  granite  and  diorite  is  marked,  veins  which  are 
very  rich  so  long  as  they  are  in  these  rocks  losing  their 
gold  contents  on  passing  into  adjacent  schists.    The  best 
veins  are  laminated  in  structure,  and  carry  large  quantities 
of  salphurets. 

Australian  gold  is,  on  the  whole,  finer  than  Califomian.     Beiativo  line 
Mr.  J.  C.  Booth,  of  the  United  States  Mint,  states  t  that  theiian  and  caiifor 
average  fineness  of  California  gold,  derived  from  assays  of   j  (,  ^^^^ 
several  hundred  million  dollars'  worth,  is  0.880.    In  Vic- 
toria, which  ha«  been  the  most  productive  of  the  colonies, 
the  value  of  the  gold  product  is  officially  estimated  at  £4 
per  oance,  which  corresponds  to  a  fineness  of  0.942,  nearly, 
^m  the  data  given  in  Mines  and  Mineral  Statistics  of  New 
South  Wales  for  the  product  of  that  colony  up  to  the  end  of 
1874, 1  find  the  average  there  0.876.    Indeed,  Mr.  Clarke 
and  others  have  long  ago  drawn  attention  to  the  remarka- 
ble taict  that  the  fineness  of  Australian  gold  diminishes  from  ,    in  Australia 
uie  south  noith warns,  and  Dr.  Hector  has  shown  that  the  minishes     trom 

-  .»     .      4t         r»      •        1  t^ho  south  north- 

same  law  prevails  ui  New  Zealand.  ward. 

Dr  Elector 

Public  r*  cognition  of  the  auriferous  character  of  Austra-    ^^^  ^^  ^^^ 
h  was  curiously  delayed.!     Count  Strzelecki  discovered  a°?<>np*jement  of 
gold  in  Australia  in  1839,  but  was  restrained  from  publish- iia- 
ing  the  statement  on  account  of  the  danger  of  its  producing  lecki,  isou. 
insubordination  in  the  penal  settlements.    In  1841  Rev.  W,  ^larki^'iMi^*  ^ 
B.  Clarke  rediscovered  it,  but  the  governor  of  New  South 
Wales  induced  him  to  refrain  from  mentioning  it  on  account 
of  tbe  prejudicial  effect  it  might  have  on  the  colony.    In 
1844  Murchison  pronounced  it  likely  that  Australia  would    R.  J-  Murcw- 
Vie  t'ound  to  be  a  gold-bearing  country.    Gold  nuggets  of 
small  size  were  sometimes  found  by  shepherds,  and  not  only 

*  Gold  Fields  and  Mineral  Districts  of  Victoria,  p.  240 

t  Dana's  Mineralogy y^,  5. 

tSee  Gold  and  Silver ,  by  fiir.  J.  A.  Phillips. 
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AUBTRAUA.     bfougbt  to  thc  settlemeiits,  and  even  exhibited  there,  but 
lu  mineral  re- ^Qiit  to  England.    Yet  it  was  not  until  a  retorned  Califoi- 

gources.  .  .  ,-•      ^    t,--.    -rr 

Gold.  nian  miner,  Mr.  E.  H.  Hargreaves,  set  to  work  at  Ballarat^ 

;n^ves.  that  the  auriferous  character  of  the  country  was  realized. 

Attention  once  aroused,  the  discoveries  of  aliuvial  ^^  dig- 
gings "  multiplied  with  great  rapidity,  and  such  were  soon 
discovered  from  one  end  of  the  cordillera  to  the  other. 
Quartz  veins  were  also  soon  discovered,  and,  as  in  Califor- 
nia, an  increasing  proportion  of  the  gold  has  been  extracted 
from  this  matrix. 

di  ^^  "'  ^^^^  '^^®  ^^^  ^^  ^®  sold  diggings  varies  from  yesbr  to  year, 
surface  deposits  being  exhausted  and  abandoned.  The  fol- 
lowing are  the  most  recent  data  accessible  as  to  the  extent 
of  ground  being  worked  in  : 

Sq.  mi)e& 

Victoria,  in  1876 1,134 

New  South  Wales,  in  1876 1,370 

Queensland,  in  1873 1, 367 

Australia,  say 4, 000 

Yield  of  quartz     The  yield  of  quartz  per  ton  (2,240  pounds)  varies  in  the  dif- 
ferent  colonies,  and  indeed  in  inverse  ratio  to  the  fineness, 
as  might  be  supposed.    The  following  table  represents  th^ 
gold  per  ton  in  the  parcels  respecting  which  the  mining  offi- 
cers succeeded  in  obtaining  information : 

0«.  Dtrt.      Gr 

Victoria,  in  1876 10    13. 

New  South  Wales,  in  1876 13      a 

Queensland,  in  1873 1      14 

The  poorest  parcel  crushed  in  New  South  Wales  in  18?  5 
yielded  only  1  dwt.,  or,  say,  $1  per  ton,  and  in  1876  quarfl^Bz 
scarcely  better  was  milled.  The  lowest  yield  should  ind^Hi* 
cate  the  cost,  but  such  rock  can  only  have  been  crushed  ml  in 
ignorance  of  its  contents, 
of  old  ^ffahi?d  ^^^  proportion  of  gold  obtained  respectively  from  aUnvi-^aal 
from  placers  and  dcposits  aud  fix)m  vcius  is  uot  precisely  ascertainable,    •i*^ 

nroin  veins.  -^  r  %/ 

the  gold,  the  history  of  which  was  learned  by  the  minii^^Big 

officers  of  New  South  Wales  in  1876,  more  than  two  thii ds 

was  obtained  from  quartz,  but  the  entire  quantity  th^^Q^ 
traced  was  only  something  like  one-third  of  the  total  pre      >d- 
uct,  and  it  is  evident  that  it  must  be  easier  to  get  repo — ^3tJ 
from  mills  tban  from  diggings.    Ten  years  since,  the j^-  pro- 
portions estimated  in  Victoria  were  just  the  reverse  of  ^^he 
above  relation.    It  seems  probable,  therefore,  tbat  the  qvL^san- 
titles  obtained  by  mining  and  by  washing  are  very  much  <^c 
same. 
New  Zealand.       Ncw  Zealand  did  not  exhibit  at  Paris.    For  the  sake?  of 
completeness,  however,  it  may  be  interesting  to  add  a  fe 
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words  on  the  sabject  of  that  colony,  which  are  translated     aubtraua. 
from  the  memoir  of  Dr.  A.  Soetbeer :  •  its  minsrai  re- 

^^New  Zealand. — In  1852  abont  1,000  oonces  of  gold  were'^^^Sa* 
obtained  upon  the  east  side  of  the  north  island  at  Gape  Ooro-  Dr  I.  soetiJe'r. 
mandel,  after  which  the  workings  were  abandoned.    Fonr 
years  later  a  beginning  was  made  at  the  sonth,  in  the  prov- 
ince of  Otago.    A  great  increase  in  the  gold  production  of 
New  Zealand  took  place  in  the  summer  of  1861,  when  new 
and  very  rich  deposits  were  discovered  on  the  Tuapeka   sacceaaive  du- 
ittver  and  in  the  Thames  gold  fields.    The  north  island  has  Sistricto.  ^  *'° 
thus  far  produced  far  less  gold  than  the  south  island,  which 
is  much  richer  in  alluvial  deposits.!    The  most  important 
districts  stretch  along  on  the  western  slope  of  the  mount- 
ains through  Nelson  and  Westland  Provinces  toward  Otago. 
Throughout  Otago,  where  they  are  especially  numerous  and 
rich,  their  distribution  is  dependent  upon  the  slate  rocks. 
The  younger  gold-bearing  drifts  at  the  bottom  of  existing    The  goid-bear- 
valleys  are  distinguished  from  deeper  and  older  alluvia  upon  fefent  periods, 
the  declivities.    In  fact,  the  rivers  of  New  Zealand  have 
eroded  their  beds  greatly  since  the  formation  of  the  older 
^Qvia,  so  that  the  deep  leads,  which  in  other  districts  can 
often  be  reached  only  with  great  trouble  and  expense,  are 
i»ere  not  infrequently  exposed  upon  the  declivities  of  the 
valleys. 

"Hydraulic  washing  on  the  California  plan  has  been  in- 
^duced  in  Otago. 

"The  comparatively  small  extension  of  the  gold  districts 
^ong  the  younger  volcanic  rocks  as  contrasted  with  the 
Steskt  development  of  alluvia  from  the  slates  justifies  the 
Prediction  that  the  fate  of  New  Zealand  wiU  be  that  of  CaJi- 
^omia." 

The  following  table  exhibits  the  results  of  gold  mining  in    Product  of  g.»id 
Australia  and  New  Zealand.    The  gold  product  of  South  traiiJ^anS  y^ 
Australia  and  Tasmania  has  been  fitful  and  insignificant.  ^^^*^°^ 
The  data  for  Victoria  are  official  reports  of  the  mining  regis- 
trars ;  for  New  South  Wales,  in  part  from  a  similar  source 
^^d  in  part  from  analyses  of  the  mint  and  custom-house 
Imports,  made  by  the  mining  authorities  of  that  colony. 
The  data  for  Queensland  and  New  Zealand  are  taken  from 
Dr.  Soetbeer's  memoir.     Dr.  S.  arrives  at  all  his  figures  for 

*  EddmekUl-Froduktian  und  WerthverMUniss  zwUchen  Gold  und  SUber, 
(Production  of  precious  metalB  and  relative  value  of  gold  and  silver.) 
This  memoir,  the  most  extensive  that  has  appeared  on  the  subject,  has 
J^t  been  published  as  an  extra  number  to  '^Petermann'sMithcilungen." 
^^Beems  exhaustively  compiled  and  admirably  digested. 

^£.  Sness,  Znkumft  dea  OoldeSj  Wien,  1&77. 
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AUBTOALiA.     Australia  by  discussing  the  importation  and  exportation  of 
Its  mineral  re  gold,  and  allowlng  a  certain  amount  for  circulation,  etc.,  in 

sources.  ^        r  %^  #  j 

Goiu.  the  colonies.    It  is  satisfactory  to  find  that  his  final  result 

is  only  two  million  pounds,  or  about  three-fourths  of  one  per 
cent,  less  than  that  here  given,  although  less  than  one-fifth 
of  the  total  has  been  reached  from  the  same  data. 


Table  of  cold 
product  of  Aua- 
tralasia. 


Value  of  the  Australasian  gold  product. 


Yeai-8. 


Victoria. 


Prior  to  J  870      . 
In  1870 . 

1871 

1872 . 

1873 

1874 

1875 

1876 

Total 

Ifftximnm  yield 


New  South 
Wales. 


£152,  524, 810 
4, 891, 102 
5, 421, 008 
5, 130, 084 
4, 064,  820 
4, 623, 888 
4, 383. 148 
3, 855, 040 


£24,  275, 660 

931,016 

1,250.485 

1,643,582 

1, 395, 175 

1, 040, 329 

877,694 

613, 190 


Quoons 
land. 


Now  Zea- 
land. 


185,894,806       32,027,131 


11, 943, 964 
(In  1856.) 


2,600.946 
(In  1852.) 


£1,  262. 622 

483.165 

584,481 

438, 613 

623.199 

1,313,204 

1,434,219 

1,246,296 


£18, 162.  232 
2.U62,6U0 
2, 608, 740 
1, 502, 043 
1,728.670 
1,364,7*20 
1.382,282 
1, 228, 864 


Aostralaaia. 


£196,325.330 
8.867.073 
9.885,614 
8.714,822 
8,711,864 
8,342,141 
8,077,343 
6,948.890 


7,385,799       30.040.151       255,347,977 


L  434, 219 
(In  1875.) 


2, 784, 124 
(iul866.) 


12,663,034 
(In  1856.) 


Or,  in  monoy  of  the  United  States  (taking  tiie  pound  at  $4.86),  as  follows : 


In  1876  

$18,735,494 

12, 080, 103 

$6,056,999 

$5,972,279 

$33. 744. 875 

Total 

903, 449, 195     155, 651. 857 

35,894,983 

145,995,134 

1, 240. 991. 168 

Huximum  yield  . . 

58. 047.  665 
(In  1856.) 

12,992,198 
(In  1852.) 

6, 970, 304 
(In  1875.) 

18, 530, 843 
(In  1866.) 

61,542.345 
(In  1856.) 

The  mind  fails  to  grasp  these  sums,  but  some  idea  at  least 
Dr.  soetbeer's  may  bc  Obtained  by  comparison.  I  therefore  add  Dr.  Soet- 
beer's  results  for  the  gold-producing  countries  of  the  world, 
from  the  discovery  of  gold  in  Australia  to  the  end  of  1875. 
I  have  added  the  same  statistician's  estimate  of  the  silver 
X)roduct  of  the  world  for  the  same  period  for  comparison. 
The  silver  production  of  Australia  will  be  mentioned  pres- 
ently. Dr.  Soetbeer  is  responsible  only  for  the  weights 
These  I  have  converted  into  terms  of  the  habitual  dollar 
at  the  rate  of  1  kilo  gold  to  $664,632,  and  1  kilo  silver  tc 
$41,568. 

Table  of  world'8  The  world's  product  of  gold  and  silver.  1851  to  1875,  inclutivCf  according  C 
prwiuct  of  cold  Soetheer. 

and  silver,  1851- 


1875. 


Gold. 


Countries. 


SUver. 


Kilograms. 


Australia 

United  States 

Mexico  and  Sontii  America. 

Ktissia 

Other  countries 

Total .. 


1, 812, 000 

1, 840. 500 

231, 935 

694,080 

177,850 


4,756.865 


Dollars. 


1,234,310,000 

1, 223, 260,  UOO 

154. 150, 000 

461, 310, 000 

118, 205,  000 


Kilograms. 

Dollars. 

5,271,600 

18, 570, 500 

397,790 

6,763,745 

210,124.04 

771,933,04 

16.535,2:f 

281, 153,  OC 

3, 161. 235, 000 


31,003,635     1,288.745^90 
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Of  the  present  methods  of  treating  gold-bearing  gravels     aubtbalia. 
and  quartz  in  Australia  it  would  be  interesting  to  speak,     ^t*  wiiwroz  r« 
were  the  necessary  information  furnished  by  the  Exposition,    Goia.' 
but  Australia  exhibited  no  mining  appliances ;  a  fact  which  i^ibl^f^^^id-^'. 
is  to  be  regretted,  but  of  which  we  cannot  complain,  as*"8»ppfi»"<^*« 
American  mining  apparatus  was  equally  conspicuous  by  its 
absence. 

There  are  few  places  in  Australia  where  hydi'aulic  mining .  infrequeiicy  of 

hj'uraulio  miniiig 

is  practicable,  for  lack  of  sufficient  water  supply.  Where  in  Ausireiia. 
alluvial  gold  is  mixed  with  any  adherent  material,  it  has  to 
be  '•puddled''  or  stirred  up  mechanicaUy  with  water,  so 
that  a  separation  of  metal  from  dirt  may  be  possible;  a 
method  avoided  in  this  country  almost  entirely.  Cradles, 
pans,  etc.,  seem  also  in  vogue  in  Australian  diggings. 

For  crushing  quartz  the  stamp  mill  is  there  as  here    stamp  muu. 
almost  the  only  machine  employed.     Data  are  not  accessi- 
ble as  to  their  construction  and  duty,  but  the  inference  from 
what  we  know  is  not  favorable.    In  1870  there  were  1,326 ,.    sutuiic*  of 

^         the  number  and 

s^tamp-heads  at  work  in  New  South  Wales,  according  to  the  performance    of 

*^  7  o  stamp  millB. 

i-eport  of  the  Minister  of  Mines.  But  if  the  quartz  ran 
^13.50,  and  if  half  the  gold  was  produced  from  quartz,  this 
Xarge  number  of  stamps  must  have  crushed  only  in  the 
x-egion  of  370  tons  |)er  diem.  The  loss  is  estimated  at  21.8  lus8. 
;f>er  cent.  Mr.  G.  T.  Deetken  calculated  the  loss  at  Grass  o.T.Deetkeu. 
"Valley,  Cal.,  at  27  per  cent.  (Mining  Commissioner's  Ee- 
-^yoTt  for  1873,  p.  333.) 

In  respect  to  the  treatment  of  pyrites,  the  Australian  colo-     Treatment  of 
:Kiies  are  making  vigorous  efforts  to  develop  some  method  ^^^^ 
mnore  economical  or  better  suited  to  the  ordinary  conditions 
of  gold-mining  localities  than  has  hitherto  been  brought  to 
jpublic  attention.     The  Plattner  chlorination  process  has    Piauner'schio. 

_i 1  ••/ii«^»i_j.i  'a  rinatlon  proceae. 

^one  good  service  in  California,  but  only  pyrites  carrying 
#20  or  so  per  ton  will  pay  for  treatment.    In  England  vast 
<iuantities  of  pyrites  are  treated  at  small  cost,  but  in  con- 
nection with  the  sulphuric  acid  manu£^ture  and  iron  smelt- 
ing; industries  ordinarily  absent  from  gold-mining  localities. 
A  proce.ss  for  the  treatment  of  this  material  should  be  self-    a  new  process 
coutained,  or  nearly  so,  and  admit  of  the  utilization  of  at  least  tb^"copper  ^S 
the  copper  and  silver  as  well  as  the  gold.    The  subject  is  one  thJ^id!  ^^ 
^ell  worthy  of  the  attention  of  California  engineers,  who 
will  find,  among  other  Australian  publications,  a  paper  by 
Mr.  W.  A.  Dixon  in  the  eleventh  volume  of  the  Journal  of  w.  A.i>ixon. 
^eR.  8,  of  New  South  Wales  of  interest. 

Silver. — But  little  attention  has  been  paid  in  Australia  to      silver  aasooi- 
^ilver  ores-    It  may,  however,  be  worth  while  to  point  out  gold, 
that  native  gold  always  contains  silver,  and  that  conse- 
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AUBTHALiA,  Queutly  a  very  considerable  quantity  of  silver  has  accompa- 
its  mineral  re- nied  the  Australian  gold  product  into  commercial  channels. 
Silver.  The  value  of  this  silver  is  relatively  so  small^  that  it  can- 

not be  taken  into  consideration  in  the  official  estimates  of 
sUvw^MaocLted  *'^®  valuc  of  the  gold  product.  In  Victoria  the  value  of  the 
with  the  gold.     qqI^  p^^  ouucc  is  estimated  at  four  pounds,  corresponding 

to  a  fineness  of  nearly  0.942,  or  about  22J  carats.  The  re- 
maining 0.058  silver  would  have  a  value  amounting  to  less 
than  one-half  of  one  per  cent,  of  the  total  value  of  the  bull- 
ion, and  it  is  pretty  certain  that  the  official  estimate  does 
not  possess  this  degree  of  accuracy. 

In  spite  of  the  inaccuracy  of  the  estimate  of  the  mean 

value  of  the  gold  bullion,  the  data  may  be  used  to  estimate 

the  amount  of  silver  obtained  with  the  gold.    The  records 

show  that  the  average  fineness  of  Australian  gold  is  not  far 

Amount  of  gii-  from  22  carats,  or  0.916ft.    The  weight  of  the  silver  contents 

ver   contents   o£__  -,1,,,.         ,.,  ^  «  ,^       «  .m  i> 

the  gold  bullion,  of  the  gold  bulliou  has,  then,  been  one-eleventh  of  that  of 

the  gold.  If  one  ounce  of  silver  is  taken,  according  to  Ameri- 
can law,  at  $1.2929,  this  calculation  leads  to  an  amount  of 
silver  worth  a  little  over  seven  million  dollars  on  my  esti- 
mate of  the  gold  product  up  to  the  end  of  1876. 

Silver  oren.  Orcs  the  valuaWc  contents  of  which  is  distinctively  silver 
are  found  in  patches  through  the  gold  distiicts  of  Australia, 
not,  as  in  Western  America,  in  separate  belts  of  country. 

Product  in  Vic-     The  amouut  of  silvcr  produced  from  silver  ores  in  Victoria 
*       to  the  end  of  1876  is  officially  estimated  at  a  value  of 

In  New  South  £21,206.  Ncw  South  Wales  has  produced,  up  to  the  same 
date,  £105,466  worth  of  this  metal.  Queensland  appears  to 
claim  no  silver  product.  The  value  of  the  silver  from  silvei* 
ores  has  there  amounted  only  to  some  $600,000. 

Tin.  Tin, — The  uniformity  in  the  character  of  tin  deposits  all 

over  the  world  has  long  been  a  subject  of  remark,  and 
Australia  has  no  excepiion  to  offer.    Here,  too,  it  occurs  in 

Aiinviiddepos- alluvial  dcposits  of  various  ages,  and  in  place  in  lodes  and 
reticulated  veins,  less  properly  described  as  "strings,^'  in 

D.  Forbes,  1859.  grauitc  and  greisen  rocks.    Mr.  D.  Forbes,  as  far  back  as 

stanniferooB  1869,  received  specimens  of  stanniferous  granite  from  New 

South  Wales,  and  found  them  "perfectly  identical  with  the 

stanniferous  granites  of  Cornwall,  Portugal,  Bolivia,  Peru, 

and  Malacca,"  and  Banca  and  Billiton  might  have  been 

Tin  ore  fonnd  added  to  the  list.    The  tin  ore  is  frequently  found  associated 
gold.  with  gold,  which  indeed  it  greatly  resembles  in  its  lithologi- 

cal  behavior.    It  is  nearly  always  associated  with  quartz, 

Crysuiaofcaa-many  crystals  of  the  latter  mineral  showing  crystals  of 
sitenteinqnartz.^^^^.^^.^^  imbedded  iu  and  implanted  upon  them,  whence 

the  conclusion  seems  ine^itable  that  their  deposition  has  been 
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Bimaltaneous.    Arsenical  and  copper  pyrites  are  also  asso-     apotbaua. 
dated  with  the  tin-stone,  nnd  diamonds  and  sapphires  occur    it*  mineral  re- 

toureet. 

in  the  same  leads.    Their  high  specific  gravity  and  perfect   Tin. 
resistance  to  atmospheric  action  account  in  part  for  the 
occurrence  of  gold  and  tin-stone  together  in  alluvial  deposits. 

The  stream  deposits  are  not  confined  to  the  beds  or  banks    stream  depos- 
of  present  water-courses.    They  often  extend  high  up  the 
sides  of  the  valleys  of  the  present  streams  (indicating  ero- 
uion),  and  are  also  found  in  "deep  leads"  or  the  beds  of   Deep  leads, 
ancient  streams.    The  only  source  of  the  tin  seems  to  be      Oranitee  the 
tbe  granites.      On  high  ground,  cassiterite  is  sometimes 
found  over  granite  in  unworn  crystals,  and  existing  there 
as  a  residuary  deposit.    The  granites  are  Paleozoic,  and,  ac- 
cording to  Mr.  Clarke,  Devonian.    The  veins  do  not  exhibit 
a  uniform  strike  as  in  Cornwall. 
The  tin  fields  of  Australia  center  on  the  eastern  cor-       Lowojuea  of 

■_      /.  tbe  lln  nelds. 

dilleia,  about  half-way  up  the  coast,  and  near  the  boun<lary 
between  Kew  South  Wales  and  Queensland,  though  there 
is  tin  ore  in  the  southern  portion  of  New  South  Wales  and 
in  Victoria,  and  very  valuable  discoveries  have  been  made 
in  Tasmania.*  The  area  of  the  New  South  Wales  fields  is  ^roae. 
estimated  at  6,250  square  miles,  and  that  of  the  Queensland 
tin-bearing  district  at  100  square  miles. 

Rev.  W.  B.  Clarke,  whose  active  share  in  the  investiga-  ciarki?^*  ^*  ^ 
tion  and  development  of  the  mineral  lesources  of  Australia 
has  80  often  been  referred  to,  was  tbe  first  to  draw  attention 
to  the  probable  occurrence  of  extensive  deposits  of  tin  ore 
in  Australia.    His  prediction  was  made  in  a  report  to  the  i^^ssaSf  «je  d?° 
colonial  secretary  of  New  South  Wales,  dated  May  7, 1853,  coveryof  tin  ore 
the  subject  of  which  was  the  district  of  New  England,  the 
same  which  became  so  famous  for  its  tin  deposits  in  1872. 
^0  practical  notice  was  taken  of  Mr.  Clarke's  observation. 
The  existence  of  tin-stone  was  recognized  in  Victoria  dur-  _,  Tinstone  in 

•       .,  ,  __  o     •      •        ■«  Victoria. 

ing  the  same  spring.  The  occurrence  of  tm  in  the  more 
sontheni  colony  is  comparatively  trifling,  but  the  discovery 
was  not  entirely  overlooked  as  in  New  South  Wales.  As 
^38  been  pointed  out  in  the  report  on  the  mineral  industry 
of  Great  Britain,  relatively  considerable  quantities  of  tin- 
stone and  tin  were  obtained  in  Australia  long  before  1872. 
This  appears  to  have  come  exclusively  from  Victoria,  which 
still  produces  a  few  scores  of  tons  a  year,  a  quantity  quite 
^^significant  in  comparison  with  the  recent  yield  of  New 

*8ee  paper  by  Mr.  Wintlo,  Trans.  R,  S.  of  Nciv  South  Wales,  voL 
'^f  P*  {?.  The  deposiU  seem  to  present  great  peculiarities,  the  ore  oc- 
^^flg  in  sharp  detritus  and  often  in  lumps  weighing  hundreds  of 
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Tin  in  Now 
South  Wales. 


AusTBAUA.     South  Wales  and  Queensland.    According  to  the  Victorian 
Its  mineral  re-  Tear  BooTc  for  1876-^77,  the  total  value  of  the  tin  raised 

touroet. 

Tin.  since  its  first  discovery  in  that  colony  was  £33G,391,  repre- 

Productof  Vic-  senting,  perhaps,  3,000  tons  of  metal.    The  product  of  1875 
^"^  and  1876  cannot  have  been  far  from  60  tons  per  year. 

The  fact  of  the  existence  of  tin-stone  in  the  northern  part 
of  l^ew  South  Wales  fell  so  entirely  into  oblivion  that  in  a 
government  volume  entitled  Industrial  Progress  of  New 
South  Wales  in  1871,  an  essay  on  the  mineral  resources  of 
the  colony  contains  no  mention  of  this  metal.  Since  1872 
great  qnautities  of  tin  have  been  extracted,  mainly  from 
stream  deposits,  and  the  business  of  tin  smelting  has  been 
rapidly  mastered.  The  returns  of  the  tin  raised  and  smelted 
are  confessedly  imperfect. 
As  the  great  tin  fields  lie  close  upon  the  borders  of  New 
In  Queensland.  South  Walcs  and  Queensland,  the  discovery  of  tin-stone  in 
the  latter  colony  was  simultaneous  with  that  in  the  former. 
The  data  accessible  to  me  for  the  production  in  Queensland 
are  exceedingly  unsatisfaetorj',  for  in  1874  I  have  the 
product  for  the  first  quarter  only,  for  1875  nothing,  and 
for  1876  only  a  statement  of  the  value.  In  the  following 
table  I  have  calculated  the  contents  of  the  tin-stone  raised 
at  70  per  cent,  metal,  and  estimated  the  missing  figures  as 
well  as  I  could.  These  unauthoritative  sums  are  printed  in 
bold-faced  figures : 


Trtblo  of  pro- 
duction of  tin  in 
Australia. 


Approximate  production  of  tin  in  Australia. 


Tpars. 


1»72 
1873 
1874 
1875 


1876 


Total 


XBW  B3UTH  WALE8. 
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a 

ca 

a 
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Tons. 


<Ore. 

jTin 

(Ore 

jTin 

5  Ore 

{Tin 

COre 

{Tin 

5  Ore 

)Tln 


.      848  r 
47  J 
.3,63*) 
..     904  5 
..2, 118r 

..4,1015 
.  .2, 022  \ 

..6,058  5 
-.1,509  < 
.  5,449  5 


c 
o 


Tont. 
508 

3,449 

5,584 

7,473 

6,505 


QUBBNSLAXD. 


p 

l 

p. 
£ 

o 
a 
H 


Tom. 
1.400 

5,274 

5,440 


J 


Tons. 
080 

3,60*^ 

3,808 

3,500 

2,800 


23,609    1     14,780 


a 
► 

St; 

r 

5. 

o 


Ton$. 
1,578 

7,141 

0,303 

10,073 

0,305 


English  tin  pro- Or,  adding  3,000  tons  for  Victoria,  the  total  becomes, 
say,  4 1 9OOO  tons.    The  English  tin  product  for  1876  was 
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Product  of  the 
principal  mines. 
Bnira  mincD. 


9^500  tons;  Bancii  and  Billiton  produced  together  abont     alstbaua. 

OyOOO  tons.  Its  mineral  re- 

Mr.  Wilkinson  attributes  the  falling  off  in  the  tin  product    Tin.  * 
to   the  exhaustion  of  the  more  accessible  alluvial  deposits. 

The  washing  of  the  tin-stone  is  effected  either  in  sluices  or  ,  ,  wwh  ng  in 
ji^s.   As  in  the  treatment  of  placer  gold,  the  lack  of  an  ample 
water  supply  is  severely  felt.    Wolfram  seems  not  to  .occur 
with  the  tin-stone  to  any  considerable  extent.    The  smelt-    smcuing. 
ing  is  effected,  as  in  England,  in  reverberatory  furnaces. 

Copper. — South  Austnilia  contains  some  of  the  finest  cop-    c«ppcr. 
per  mines  in  the  world.    The  following  somewhat  meager 
account  is  extracted  from  a  Statistical  Sketch  of  South  Aua-    South  Aoatra. 

lia 

traZiGy  by  Mr.  J.  Boothby :  j.  Boothhy. 

"The  principal  mines  are  the  Burra,  the  Wallaroo,  and  the 
Moonta.*    From  the  first  of  these  215,000  tons  of  ore  were 
raised  during  31  years  from  the  commencement  of  opera- 
tions, producing  four  millions  sterling.    The  total  amount  ex-    ExpenscB  and 
pended  by  the  company  was  £1,982,000,  of  which  £l,oG8,000  ^^  ^ 
represented  wages,  the  gross  profits  being  £882,000.    Since 
the  opening  of  the  Wallaroo  mines,  the  total  quantity  of  waiiaroo mines, 
ore  raised  therefrom  has  been  290,000  tons,  and  the  average 
of  the  past  five  years  has  been  26,000  tons.    The  Moonta 
"lines  were  discovered  in  18GI,  since  which  year  250,000 
^008  of  ore  have  been  raised,  realizing  £2,700,000,    A  profit 
^f  £928,000  has  been  divided  amongst  the  shareholders  of 
fiis  magnificent  property. 

'*In  1844,  shortlv  after  the  discovery  of  copper  in  South     ,  ,  , 

A  ,.  ,,  rt  i  porU»d,  1 844-1 875. 

^ustraha,  the  total  value  of  the  minerals  exported  was 
^6,436 ;  in  1851  it  reached  to  £310,916 ;  in  1861  it  amounted 
^  £454,172;  in  1871  to  £648,569;  in  1875  to  £762,386. 

**The  following  table  exhibits  the  steady  productiveness        Product  of 
^^  South  Australian  mines,  distinguishes  the  quantity  of  mines,  isea-isTs. 
P^e  copper  shipped  from  the  quantity  of  ore  exported  in 
^^^  crade  state,  and  gives  the  estimated  value  of  each: 


Moonta  mino«. 


MiDei-als  ex- 


Yean. 


lis 
1st 


Fineo 

[ 

opper. 

Copper  ore. 

Cat 

Tont. 

120,272 

£584,509 

16,824 

£225,683 

156,863 

627,384 

11,430 

113,409 

104,227 

400, 691 

20,725 

207, 619 

92,788 

371,566 

26.835 

250,250 

109,421 

394,019 

20,886 

173,861 

127, 911 

518, 080 

20,127 

119, 903 

149. 060 

680,714 

26,064 

122, 020 

141, 744 

635,131 

27,382 

133, 371 

132,587 

557, 306 

22,854 

136,530 

136,835 

578.065 

26,436 

17S^  101 

Total  valae. 


£824,501 
753, 413 
624. 022 
627, 152 
574, 090 
648,560 
800.364 
770,590 
700,323 
762,386 


Dorra  is  60  miles  from  Adelaide,  on  the  eastern  slope  of  the  Sontli 
"^tralian  range.     Wallaroo  and  Moonta  are  close  together,  75  miles 
'^*'*i  the  capital,  near  the  base  of  Yorke  Peninsnla. 
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AUSTRALIA.  u  ^he  smeltliig  works  in  connection  with  these  mines  arc 
it»  mineral  re-  of  a  verv  cxtcnsive  and  costly  character,  employing  a  large 
Copper.  amount  of  skilled  labor." 

Copper  is  also  found  in  large  quantities  along  the  eastern 
Distribution  of  Cordillera,  distributed  over  a  somewhat  wider  belt  of  coun- 
eoopp€irore.    ^^^  ^^^^^  ^^^  ^^^  ^^  ^^^  othcr  metals.    The  copper  in  the 

eastern  colonies,  however,  labors  under  some  disadvant 
ages  in  the  unfavorable  position  of  the  mines  for  trans- 
portation, the  large  capital  necessai'y  to  establish  smelting 
works,  etc.  The  returns  of  copper  ores  raised  and  smelted, 
Copper  oro-  as  wcll  as  thosc  of  tin,  are  very  imperfect.    Up  to  r874  the 

auction  of  Kew  .  ^.-^         i»  ^   ii«  j  j    •       ^t 

South  Wales,      maximum  quantity  of  metallic  copper  produced  m  New 

South  Wales  was  665  tons ;  but  for  the  years  1874, 1875j 
and  1876,  respectively,  the  ingots  exported  weighed  3,628, 
6,245,  and  3,106  tons.  A  small  quantity  of  ore  and  regulug 
continues  to  be  exported.  The  total  value  of  the  copper  in 
dustry  in  New  South  Wales  before  1874  is  estimated  officially? 
at  about  £500,000,  and  for  the  years  1874,  '75,  and  '76 
together  at  a  little  over  a  million. 

Queensland.  Quccnslaud  produccs  somc  copper  ore,  and  copper  mining 
is  there  regarded  as  one  of  the  industries  of  the  future. 
The  value  of  the  copper  and  copper  ore  exported  in  1872 
was  £234,540 ;  in  1873,  £189,479 ;  and  in  1876,  £172,380, 
Copper  has  figured  among  the  exports  of  Queensland  evei 
since  1862. 

Victoria.  Victoria  produccs  only  a  trifling  amount  of  copper,  the 

amount  raised  up  to  the  end  of  1876  being  valued  at  onlj 
£8,331. 
These  desultory  data  convey  very  little  idea  as  to  hov 

coppe^roduct  much  coppcr  Australia  has  produced.  A  rough  approxima 
tion  may  be  made  as  follows : 

Value  of  copper  and  copper  ore  raised  in  Sooth  Australia 

to  the  close  of  1875 £14,404,56 

Yrom  the  product  of  former  years  we  may  estimate  for 

1876 75O,0<H 

Value  of  copper  product  of  Victoria  to  end  of  1876 8, 3^ 

Value  of  product  of  New  South  Wales  to  end  of  1876 1, 566, 2:^ 

Value  of  Queensland  product  to  end  of  1873 955, 5m 

Value  of  Queensland  product  for  1876 172, 3C 

Value  of  Queensland  product  for  1877  and  1875,  estimated 

same  as  1876 844«7^ 

Volue  of  Ans-        Total  value  of  Australian  product 18, 201,  ■ 

tralian       copper 

^  Price  of  cop-     The  average  price  of  copper  (tough  cake)  in  England  ra 
^^'  the  years  1870  to  1876  (7  years)  was  within  twopence 


£84  10«.    But  a  large  proportion  of  the  copper 
Australia  was  exported  as  ore  and  valued  accordingly. 
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price  of  copper  ore  containing  20  per  cent,  copper,  in  Swan-     aubtrama. 
868.  is  about  80  per  cent,  of  tlie  market  value  of  the  copper    ^«*  mineral  re 

toureei. 

therein  contained.    For  lack  of  data  we  may  suppose  one-    copper, 
half  of  the  copper  in  ingots  and  one-half  as  ore ;  or  that  the 
Taloe  per  ton  of  the  copper  raised  as  it  was  exported  was 
90  per  cent,  of  the  market  price  of  tough-cake  copper,  or,    vaiuo  of  cop 
say,  £76  per  ton.    This  assumption  leads  to  a  total  copper  ^^  ^^ 
product  for  Australia,  to  the  end  of  1876,  of  about  240,000 
tons.   lu  1876  Great  Britain  produced  about  4,700  tons. 
Cooi.— Large  coal  fields  exist  along  the  cordillera  of  East-    coaL 

*^  '^  CordiUeras  of 

em  Australia.    A  somewhat  animated  discussion  has  been  Eastern  Austra- 
lia. 

carried  on  regarding  their  geological  position,  viz,  as  to 
whether  they  are  Paleozoic  or  Mesozoic,  a  question  thought 
to  bear  forcibly  upon  the  probabilities  of  their  extent  and 
qoality.     The  discussion  originates  in  the  fact  that  the 
greater  part  of  the  fossils  found  in  the  coal  beds  are  dis- ,,   T^^^  p?^"* 
tmctfrom  any  recognized  in  Europe  as  charactenstic  of  the  cite  coai  beds, 
carboniferous  formation.    Especially  is  this  the  case  with 
plints  of  the  genus  OlossapteriSy  which  are  characteristic  of 
the  most  valuable  portion  of  the  Australian  coals.     The 
evidence  of  the  fossil  fauna,  however,  seems  to  have  de- 
cided the  question  in  favor  of  the  Paleozoic  character  of  the   Paieoroic  char- 
^ain  deposits.    There  are  also  large  Aelds  of  Mesozoic  coal  cipai  ^b«d8^  La° 
<>f  less  but  by  no  means  small  value.  Sfaun^ 

The  position  of  the  coal  fields  is  mainly  between  the  cor-    ,  ^?»*Ii^  *°*1 

j»<^^.  extent  of  the  coal 

Altera  and  the  coast,  and  while  the  gold  deposits  center  in  fleWs,  New  south 

Victoria,  the  coal  fields  are  most  abundantly  developed  in 

^ew  South  Wales.    These  coal  fields  extend  northward  into 

Queensland,  which  unquestionably  possesses  numerous  quan- 

ttties  of  coal,  hitherto  almost  untouched.    Victoria  also  pos-    Victoria. 

^sses  coal,  chiefiy  Mesozoic.    The  carboniferous  formation 

^U  Victoria  is  very  much  broken  up,  and  Mr.  Selwyn  has  re-  A.B.c.Seiwyo. 

^Brred  to  the  drifted  origin  of  the  material  forming  the  Pa- 

l^zoic  coal  of  Victoria  as  precluding  the  probability  of  the 

Existence  of  workable  coal  seams  in  the  Victoria  coal  meas- 

^Ues.    In  contrast  to  this  condition  of  things,  Mr.  Wilkin- 

^n  remarks  upon  the  frequent  occurrence  in  the  coal  seams 

^f  New  South  Wales  of  tree  trunks,  upright,  and  evidently    Tree  tnmks  in 

^^disturbed. 

Beports  of  the  discovery  of  coal  beds  in  South  Australia ,  sonth  Austra- 
ave  been  circulated  from  time  to  time,  but  have  hitherto, 
^o  far  as  I  know,  proved  groundless.    Coal  has  long  been 
kjiown  to  exist  on  the  west  coast  of  Western  Australia,  but   western  au«- 

ja.  •  tralia. 

*^  IS  not  worked  to  any  considerable  extent. 

The  develox>ed  coal  fields  are,  then,  to  all  intents  and  pur-    Principal  locai- 
^^^^Ses,  confined  to  New  South  Wales,  though  Queensland    ^  ° 
10  p  R ^VOL  4 
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AUSTRALIA,     clalms  24,000  square  miles  of  developable  coal  lands,  and 
iti  mineral  r^-YictoTia,  lias  mined  some  $00,000  worth  of  mineral  fuel, 

cbieny  at  Cape  Paterson,  up  to  the  end  of  1876. 

Coal.  rp^Q  following  extract  from  the  official  catalogue  of  the 

exhibit  of  New  South  Wales  contains  valuable  information: 

New  South     u  xhc  approximate  area  of  the  carboniferous  strata  is  esti- 

Area  of  carbo-  mated  at  23,950  square  miles.    The  principal  coal  beds  exist 

niferons  strata.       ,  ,  ,  ,  ,  ,       « ^.T-i  r«^« 

along  the  coast  to  the  north  and  south  of  Sidney.  The  mmes 
just  opened  are  situated  in  the  immediate  vicinity  of  New- 
castle, and  it  is  from  there  that  the  colony  obtains  its  largest 

Lie  of  the  coaL  supply.  The  coal  lics  near  the  surface,  and  the  greatest 
depth  to  which  shafts  have  yet  been  sunk  is  less  than  500 
feet.    In  many  districts  the  coal  crops  out  on  the  &ce  of  the 

Coat  of  mining.  ijQig^  ^ud  cau  bc  Cheaply  got  by  driving  tunnels.  The  cost 
of  mining  is  from  3^.  to  5«.  6d.  per  ton. 

Q^^'y-^^        "Experiments  with  the  New  South  Wales  coal  at  the 

Report  from 

Royal  Awenai,  Royal  Arscnal,  Woolwich,  in  1858  and  1859,  showed  that 
for  steam  purposes  it  was  only  7  per  cent,  inferior  to  the 
best  Welsh  coal,  and  that,  as  regards  the  manufacture  oi 
gas,  it  produces  upwards  of  9,000  feet  per  ton,  with  an  illu- 
minating power  24  i>er  cent,  greater  than  the  English  vari- 
Directopof  ety  kuowu  as  Whitworth.  The  government  director  of  the 
Companies  ^^  Indian  railway  companies,  in  his  report  to  the  Secretary  ol 

State  for  India  (1868-'69),  refers  to  the  quality  of  Australian 

coal.    He  says :  <  It  has  been  tried  on  some  of  the  lines  ol 

Western  India,  and  has  been  well  reported  on.    The  expe 

scinde  Railway  rience  of  the  locomotive  superintendent  of  the  Scinde  Com 

""^cSmparison  pauv  is  that  it  is  equal  to  Welsh  coal  in  all  respects ;  its 

with  Welsh  coaL 

evaporative  power  is  nearly  equal  to  Welsh  coal,  and  thi 
consumption  per  mile  is  less.    The  price  hitherto  has  beei 
under  that  of  English -Welsh  coal.' 
John  Macken-     ^^Thc  govemmeut  examiner  of  coal  fields  (Mr.  John  Mac 
kenzie,  F.  G.  S.)  estimates  that  one  seam  of  coal,  after  a. 
EstiDiated  lowing  ouc-third  for  loss  and  waste  in  getting,  will  yiel 
^8.  "^^    "^^^  84,208,298,667  tons.    It  has  been  ascertained  by  the  Re- 
Rev,  w.  B.  w.  B.  Clarke  and  the  examiner  of  coal  fields  that  there  aa 

Clarke.  .        ,  .  i  -^  /.  « 

in  the  upper  coal  measures  at  least  16  seams  of  coal,  eac 
more  than  3  feet  thick.    One  seam,  whose  outcrop  is  nea 

w.Keene.  Stroud,  described  by  the  late  Mr.  W.  Keene,  is  more  th& 
30  feet  thick,  as  tested  by  several  trial  pits  sunk  on  the  d^ 
side;  and  another,  whose  outcrop  is  near  Wallerawaik. 

A.Livereid-e.  rcccutly  cxamiucd  by  Archibald  Liversidge,  esq.,  profess 
of  geology  in  the  University  of  Sydney,  is  17  feet  6  inclv 
thick.  The  principal  seam  from  which  coal  is  now  being  o 
tained  is  from  8  to  10  feet  thick,  the  coal  being  firee-bomi  '^ 


ZIO. 
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and  bitaminoas — suitable  for  household,  steam,  smelting, 
gas,  and  blacksmith's  purposes. 

"Mr.  R.  W.  Moody,  mining  engineer,  gives  the  following 
description  of  coal  land  on  the  southeastern  coast:  ^The  5 
seamsof  coal  contained  in  these  600  acres  will  yield3 1 ,250,000 
tons  of  coal,  which  will  supply  a  vend  of  1,000  per  day  for 
over  100  years ;  and  this  is  independent  of  the  exceedingly 
rich  bed  of  kerosene-oil  shale,  which  is  sufficient  to  yield 
2,000  gallons  of  refined  oil  per  week  for  over  72  years.    The 
position  of  all  the  seams  is  so  favorably  situated,  that  the 
coal  from  each  can  be  got  by  tunneling  into  the  mountain 
range,  and  conveyed  to  the  proposed  railway  terminus  be- 
low by  self-acting  inclined  planes.'    Writing  of  the  upper 
coal  measures  in  the  western  district,  the  government  geolo- 
gist (C.  8.  Wilkinson,  esq.,  F.  G.  8.)  says:  'They  are  480 
feet  thick,  resting  conformably  on  the  marine  beds  of  the 
lower  coal  measures,  and  overlaid  by  more  than  500  feet  of 
Hawksbury  sandstone.    Eleven  seams  of  coal  have  been 
<^Qnted  in  them :  the  lowest,  which  is  10  feet  thick,  lies 
dboat  25  feet  above  the  marine  beds,  and  is  the  same  seam 
forked  by  Bowenfels,  Eskbank,  Lithgow  Valley,  and  Vale 
<>f  Clwydd  Collieries.    This  seam  of  coal  crops  out  on  the 
^rface  on  the  railway  line  near  Bowenfels.    It  dips  at  a  low 
^gle  of  3  to  5  degrees  to  the  northeast,  and  is  therefore 
^^ily  worked ;  and  as  it  passes  under  the  vast  extent  of 
fountain  ranges  to  the  north  and  east,  it  will  be  inexhausti- 
*^le  for  generations  to  come.'  ^ 

The  following  table  of  the  output,  home  consumption, 
^^d  mean  yearly  price  of  coal  in  New  8onth  Wales  is  taken 
^^)m  the  Annual  Beport  of  the  Department  of  Mines  for 
^876: 

Coal  in  New  South  Wales. 
[OatpQt,  ooosnmption,  and  price.  J 


AUSTRALIA. 

Itt  mineral  re- 
tcureet. 
Coal. 
K.  W.  Moody. 

Coal  o\ 
the  southeasteru 
coast. 


Kero»ene-oil 


shale. 


C.  §.  Wilkinson 
on  the  upper  coal 
measares. 


Statistics  of 
coal  output,  oon 
somption,  i^^d 
price. 


Years. 


ootput  c"-5rp- 


}§::::•.•.:• 

}g3 

j^: 

Total 


Tom. 
8, 110, 076 
868,564 
898,784 
1,012.426 
1, 192. 862 
1, 804, 567 
1, 320, 729 
1,819,918 


Tont. 

290,  i75 
333,355 
343, 316 
419, 783 
431.687 
402,722 
451, 101 


16,036,928 


Price. 


d. 


7 
7 
7 
11 
12 
12 
12 


8.64 
0.47 
9.92 
L94 
L87 
8.89 
2.06 


^ew  Zealand,  which  seems  to  form  the  other  edge  of  a   kow  Zealand 
:^^at  submerged  basin  whose  western  boundary  is  the 
)t  Australian  cordillera,  possesses  immense  coal  fields, 
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AusTKALiA.     the  pFoduct  being,  it  is  stated,  even  superior  to  that  of  Ne^ 
lu  mineral  re-  South  Wales.    Tasmania  also  is  rich  in  coal,  of  which  a  fe^ 

thousand  tons  are  yearly  raised. 

Kerouene shale.     Nearly  allied  to  coal  is  the  "kerosene  shale,"  "  kerosem 

oil  cannel  coal,"  or  Australian  boghead  mineral.    Boghea 

coal  is  of  limited  local  occurrence  in  Scotland.    It  consist 

chiefly  of  the  mineral  torbanite,  which  is  nearly  allied  t 

cannel  coal,  and  contains,  according  to  Dana,  carbon  82.11 

New  South  hydrogen  11.64,  oxygen  6.17.    In  New  South  Wales  bo( 

head  coal  and  similar  bituminous  shales  are  found  extei 

sively  in  association  with  the  coal  beds — the  boghead  somi 

times  passing  over  into  ordinary  coal,  sometimes  interstrat 

Area  of  workA.  fled  with  it.    The  ofBcial  estimate  of  the  area  of  workabl 

Die  seams. 

seams  of  this  substance  in  New  South  Wales  is  660  squai 
miles.  The  value  of  boghead  and  similar  coals,  both  f( 
the  manufacture  of  an  oil  resembling  petroleum  and  for  gs 

vieid  of  Hart-  manufacture,  is  well  known.  The  Hartley  shale  yields  froi 
150  to  160  gallons  of  oil  per  ton,  or  18,000  cubic  feet  of  gai 
with  an  illuminating  power  equal  to  40  candles.  This  i 
more  than  is  commonly  claimed  for  the  Scotch  boghead. 

Analysis.  Au  aualysls  ♦  of  best  Hartley  shale  gave : 

Volatile 86 

Fixed  carbon 6. 

Ash 6. 

100. 

Export.  The  mineral  is  largely  exported  for  gas-making.    The  o 

Competition  compctcs  in  Australia  with  American  petroleum,  but  appa: 

petroleum.         cutly  with  uo  great  margin  in  its  favor,  as  one  of  the  princ 

pal  sources  of  supply  seems  to  be  worked  or  not  accordiu 

to  the  market  rate  for  petroleum.    The  oil  is  said  to  be  equ_ 

to  American  petroleum  in  illuminating  power,  and  snperi* 

in  safety ;  and  Mr.  Reid  reports  that  the  oil  of  the  Ne 

South  Wales  Shale  and  Oil  Company  "has  secured  tl 

market  to  the  extent  of  300,000  gallons,  with  increasing  C 

Sales.  mand."    From  the  returns  in  the  mining  reports  of  she 

raised  by  them  it  is  plain  that  this  is  their  aggregate,  m 

the  yearly  sale  of  this  company. 

The  amount  of  shale  obtained  in  Victoria  appears  to^a 
insignificant,  and  in  Queensland  no  attention  has  as 
been  paid  to  it. 

The  following  table  exhibits  the  progress  of  the  oil-s 
industry  in  Kew  South  Wales : 


*  Mineral  Map  and  C^enerdl  Statistics  of  New  South  Wdks, 
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Kerosene  oil  8hale, 


1865. 

im. 

1867. 

im. 

1869. 
1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 


Tears. 


Total.... 
Average. 


AUBTBALLi. 

Its  mineral  re- 

Qiumtlty  in    p^  ^  Kerouene-oU 


570 

2,770 

4,079 

16,052 

7,500 

8,580 

14,700 

11,040 

17,850 

12,100 

6, 197 

15,098 

118,836 


£  «•  d.       Production  and 

4  2  5. 47  price,  1865-1876. 

2  18  10.48 

3  14  9.21 
2  17  7.11 

2  10  0 

3  4  3.18 
2  tf  3. 91 
2  11  11.91 
2  16  6.55 
2  6  1. 48 
2  10  2.22 
8  0  0 


2  14  10.95 


lead. — Ores  of  lead,  largely  argentiferous,  are  known  to    Lead. 

e^8t  in  Australia,  and  a  few  thousand  dollars'  worth  of  the 

nxetal  have  been  produced  in  South  Australia  and  Victoria. 

In.  New  South  Wales  the  plumbiferous  area  is  estimated  at 

^KX)  square  miles,  but  there  are  no  returns  of  product  and 

mines  working. 

As  a  mineralogical  curiosity  it  may  be  mentioned  that 
.  Smyth  States  *  the  occurrence  of  native  lead  sometimes 
^tindded  with  gold  in  deep  gold  leads  at  Talbot  and  Avoca, 
"^^liere  they  have  frequently  been  seen  in  situ  by  competent 
^"^itnesses.    The  si)ecimens  have  not  been  analyzed. 

Antimony. — ^Antimony  is  met  with  in  various  localities  in    Antimony, 
^ew  South  Wales.    From  1871  to  1874  72  tons  of  the  ore, 
Valued  at  £897,  were  treated.    In  1876  the  production  was 
^42  tons  regulns,  valued  at  £6,000.    In  1676  40  tons  of  ore, 
"Valued  at  £140,  were  raised. 

In  Victoria  there  are  five  antimony  smelting  works,  and 
«fil20,000  of  antimony  had  been  raised  up  to  the  end  of  1870. 

OemSy  though  of  frequent  occurrence  in  Australia,  have    Gems, 
^os  far  paid  but  poorly,  for  while  many  stones  of  high 
Quality  are  found  In  some  gold  and  tin  leads,  the  size  is 
^most  always  small. 
Mercury. — ^Rev.  Mr.  Clarke  writes  as  follows,  in  the  Mines   Mercury. 

Rev    W    B 

^^d  Mineral  Statistics  of  Neio  South  WaleSy  1875 :  ciarke.  " 

**Some  years  since  I  reported  on  the  occurrence  of  mer- 
^ory  in  this  colony,  but  my  expectation  of  the  discovery  of 
^  lode  of  cinnabar  has  been  disappointed.  The  cinnabar  cinnabar, 
pccurs  on  the  Cudgegong  in  drift  lumps  and  pebbles,  and 
^^  probably  the  result  of  springs,  as  in  California  [!].  In 
-^^w  Zealand,  and  in  the  neighborhood  of  the  Clarke  River, 
^orth  Queensland,  the  same  ore  occurs  in  a  similar  way. 


•  Gold  lUlds  of  Victoria,  p.  420. 
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AUSTRALIA. 


About  1841 1  received  the  first  sample  of  quicksilver  from 
*(mi^*'**^  ""^  ^^®  neighborhood  of  the  locality  on  CarweU  Greek^  on  the 
Mercury.        Cudgegoug,  whcre  the  cinnabar  is  found.'^ 

In  the  Annual  Beport  of  the  Department  of  Mines  for 
mSJ^^^exM^  ■'^^^^  ^*' ^®  mentioned  that  "a  cinnabar  mine  has  lately  re- 
^^  commenced  work  ^  in  the  district  mentioned  by  Mr.  Clarke, 

which  lies  near  the  center  of  the  gold  fields  j  but  the  report 
for  1876  passes  it  over  in  silence.  Samples  of  ore  and  quick- 
silver at  Paris  made  a  handsome  show,  but  were  accom- 
panied by  no  intbrmalion  as  to  the  prospects  or  yield. 

The  Iran  producing  capacities  of  Australia  are  unques- 
tionably great,  but  they  are  little  developed,  and  do  not  be- 
long to  this  report. 


Xron. 


V. 

RUSSIA.  auawA. 


THE  MINING  INDUSTBY  OF  RUSSIA..*  MintraltoMUh. 

The  mineral  wealth  of  Eussia  is  very  large,  and  is  based      variety  and 
upon  a  great  variety  of  substances,  widely  distributed  tlon* 
throagliout  the  empire.  Its  principal  metals  are  gold,  plati-    Mctais, 
uixm,  silver,  copper,  lead,  and  iron ;  tin,  zinc,  nickel,  and 
eoT)alt  are  developed  to  some  extent,  but  are  of  minor  im- 
portance.   Coal  is  said  to  exist  in  immense  quantity  in    coai, 
Sontbern  Kussia,  and  its  production,  already  considerable, 
shows  a  steady  increase  during  late  years.    Salt,  sulphur,    sait  sulphur, 
graphite,  precious  stones,  etc.,  contribute  also  to  the  value  ^^^     '  ^^"** 
of  the  mineral  product. 

The  principal  sources  of  the  more  valuable  metals  are  in  Procioaametaii* 
^e  mountain  ranges  of  the  Ural  and  Altai.    Copper  is  not  Altai  nnge%, 
®uly  found  in  great  abundance  in  the  regions  just  mentioned,      ^^^^' 
^nt  also  in  the  Caucasus,  in  Finland,  and  in  the  Kirghese 
district.    Iron  also  occurs  abundantly,  not  only  in  the  Ural    iron. 
^d  in  some  portions  of  the  Altai,  but  in  some  of  the  cen- 
^1  and  southern  departments  of  the  empire,  in  Poland, 
^^land,  and  in  the  north.    The  zinc  mines  of  Poland  are    zinc. 
^^Unted  among  the  richest  of  Europe.    A  single  mine  in 
^he  government  of  Viborg,  Finland,  furnishes  the  entire 
^  product  of  Bussia,  but  this  is  very  irreguljir,  and  of  late    Tin. 
^^ars  very  small. 

The  mines  of  Eussia  did  not  assume  much  importance  in    Former  impor- 
^he  industries  of  that  country  until  about  the  beginning  of  by^itognationT 
^e  eighteenth  century.    Thence  until  the  reign  of  Eliza- 
^th  their  development  progressed  rapidly ;  but  in  the  latter 
*^alf  of  the  past  century  a  period  of  stagnation  ensued, 
^hich  lasted,  for  reasons  partly  political  and  partly  econom- 
-^^^1,  for  many  years.    Of  late,  however,  the  mining  Indus-    Revival  of  in 
^^  has  shown  in  most  departments  a  very  considerable  ad- 

*  The  sabstance  of  this  paper  is  drawn  chiefly  from  official  or  semi- 
^^cial  soarces,  published  by  the  administration  of  Department  of 
'^*Ht)ee  of  the  Russian  Government.  Most  of  the  figures  are  taken  from 
^  Pamphlet  prepared  for  the  occasion  of  the  Paris  Exposition,  entitled 
-*ahleattx  Statiatiques  de  V Industrie  dee  Mines  en  Bueaie  en  1868-1870,  par 
^-  Skalkovsky,  ingSnieur  dee  mines,  M.  Skalkovsky  is  the  secretary  of 
^^^  ComiU  Sdentifique  des  Mines,  and  the  statistics  of  the  department 
prepared  and  published  under  his  supervision. 
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BLBBiA.       vance.    Its  progress  daring  the  last  fifty  years  is  shown  by 
Mineral  wealth,  the  following  table : 


Prodaction   of  Production  of  sundry  metals  and  minerals  in  the  ffussian  Empire  during 

SSiMfflS-Vs^"'  »'"''*  """^  **'"«'• 

(Table  from  paf^o  14  of  'Statistics,"  given  in  poods.) 


Yeais. 


Gold.    I    Silver. 


1830 
1835 
1840 
1845 
18.50 
1855 
1860 
1865 
1870 
1875 


Poods. 

883 

393 

458 

1,307 

1,454 

1,649 

1,491 

1,570 

2,155 

1,955 


Poodf. 
1,282 
1.212 
1,280 
1,102 
1,068 
1,043 
1,070 
1,084 
868 
601 


Platinuni. 


Poode. 

107 

105 

1U8 

1 

9 


61 
139 
110 

94 


Copper. 


Poodt. 
238,906 
240,204 
280, 91S 
260,  C4£ 
893, 61£ 
378, 61« 
315,603 
253,037 
306,387 
222,291 


Years. 


1830. 
1835. 
1840. 
1845. 
1850. 
1855. 
1860. 
1865. 
1870. 
1876 


Cast  iron. 


Poods. 
11, 169, 328 
10, 500, 146 
11, 331, 610 
11, 432, 645 
13,892,326 
15,310,616 
18, 174, 125 
16,046,191 
19, 503, 407 
23, 255, 068 


Coal. 


Poods. 
600,000 
875,000 


3,160,000 

2, 500, 000 

8, 000, 000 

12,670,311 

22, 163, 107 

79,444,328 


Salt. 


Poods. 
20, 920, 393 
22,  500, 000 
27, 195, 512 
55, 476,>527 
24, 829, 009 
32,224,453 
26, 109, 602 
29, 058, 933 
29, 013, 458 
37, 591, 399 


Naphtha. 


Poods. 
261,000 
348, 95C 
337.001 
327, 161 
255,  OOC 


554,291 
1,704,461 
8,174,341 


The  pood,  consistin.!?  of  40  Rassian  lbs.,  in  equal  to  16.3808  kilos ;  1  pood  is  equal  t* 
36.1131  lbs.  avoirdupois;  1  pood  is  equal  to  626.58  troy  ounces;  61.047  poods  equa 
1,000  kilos  =  1  French  tonne  =  2,204  lbs. ;  55.3816  i>oods  equal  2,000  lbs.  avoirdupois. 

Gold.  Gold. — ^The  production  of  gold  in  Eussia,  since  its  com 

from  1753-1876.  mencement  in  1753,  amounted  at  the  end  of  1876  to  67,13- 
poods,  the  approximate  value  of  which  may  be  placed  ai 
$730,000,000. 

The  production  during  recent  years  is  shown  in  the  foi 
lowing  table : 


Production, 
1867-1877. 


Production  ofgoldft*om  auriferous  deposits  during  ten  years. 


Years. 


Nnni- 
bcr  of  ex- 
ploita- 
tions. 


Quantity 
of  sand  and  min- 
eral washed. 


1867. 

1808. 

1869 

1870. 

1871. 

1872. 

1873. 

1874. 

1875. 

1870. 

1877 


878 
993 
1,129 
1,208 
078 
1,055 
l.OiB 
1,035 
1, 002 
1,130 


Pooda. 

968, 423. 325 
1, 177,  288, 244 
1, 051.  570, 392 

983, 475, 095 
1,081,518,424 
1, 044, 027,  685 

954.  648, 764 

937,  678,  045 
1, 007,  293, 492 
1, 022, 543, 302 


Quantity 
of  gold  ex- 
tracted. 


Approxi- 
mate value 
of  product. 


Pooda. 
1,050 
1,711 
2,007 
2, 157 
2,400 
2,3ai 
2,025 
2,027 
1,996 
2,054 
2,430 


$17,958,000 
18, 622, 524 
21, 844, 168 
23,470,788 
26,121.000 
25^370,604 
22, 040, 100 
22,061,868 
21. 724, 464 
22,355,?d<j 
36, 448. 120 
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Of  this  product  Siberia  famishes  from  two* thirds  to  three- 


UUB8U. 


fourths,  the  remainder  coinmg  mainly  from  the  departments   ^JT"'*'*^''**- 
of  Perm  and  Orenburg,  in  European  Eussia,  with  small  con- 
tnl)utions  from  the  Kirghese  district  and  Finland.   The  prod- 
uct of  1876  is  credited  as  follows  to  the  several  governments 
ancL  territories : 


GoTcmmcnt. 


Loi  atioa. 


I«^<mt«k 

j^^^iaieiak  and  Irkoutok . 

^r;^8baikAl 

A^oaoor 

yoxnsk   

J-it.toral 

^«m 

^■"^nbarg , 

Sife^KxipalatiaBk 

^iKJDOliDBk 

tri^aljorg  , 


Siberia. 
do 


do 
do 
do 
do 


an  Eoflsia 


Kirghese  district 

^do 

Finland    


Production  of 
gold  by  govern- 
ments. 


35 

83« 

64 

10 

126 

3 

197 

263 

24 

6 

9 


Pocdi. 

628 
886 
234 
172 
107 

12 
177 
110 

12 
1 

k 


Important  concessions  on  the  part  of  th(^  government  have    imperial   con- 

cessions 

■^"^Kjently  conferred  great  advantages  upon  individual  mine 
O'^mers,  and  an  increased  activity  in  mining  operations  has    ^creased   ac 
^>^en  noted  as  a  consequence.    Under  these  new  conditions  mines. 
"tilie  product  of  gold  in  1877  amounted  to  2,430  poods,  of 
'^'^liich  only  155  poods  came  from  the  mines  of  the  crown  and 
5*t^te ;  the  remaining  2,275  poods  came  from  mines  of  pri- 
'^ate  individuals ;  an  increase  of  437  poods  over  the  product 
ft^m  private  mines  in  1876.    Of  the  product  from  private 
^nines  in  1877  Eastern  Siberia  furnished  1,793  poods.  Western 
Siberia  129  poods,  and  the  Ural  353  poods.    It  is  expected, 
for  the  same  reasons,  that  golu-mining  operations  will  hence- 
forth become  still  more  active,  and  the  product  of  the  metal 
^1  be  accordingly  greater  in  the  future  than  in  the  past. 

Nearly  all  the  gold  produced  in  the  Bussian  Empire  is    Placer  mining 
obtained  from  placers.    Vein-mining  for  that  metal  has  not  ^^"^^  ^   ^ 
Wa  actively  prosecuted  until  recently,  and  only  in  the  Ural 
Mountains.    In  the  foregoing  tabular  statement  of  the  gold 
product,  the  quantity  of  sand  and  mineral  treated  during  ten 
yws,  as  expressed  in  poods,  amounts,  in  the  aggregate,  to        Amount  of 
about  184,000,000  tons  of  2,000  pounds  avoirdupois,  and  the  SSiteS'  ™"*^ 
corresponding  productfor  ten  years  is  valued  at  $221,576,472,    its  proUucL 
presuming  that  the  weight  oj  gold  given  is  that  of  fine  metal, 
'fiiis  would  show  a  yield  per  ton  of  about  $1.20.    To  Avhat 
extent  the  product  of  vein-mining  figures  in  this  statement 
^loes  not  appear  from  the  data  in  hand ;  but  as  the  product 
^^  placers  so  far  exceeds  that  of  vein-mining,  it  is  not  likely 
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gpMi^       that  the  latter  raises  the  general  average  yield  per  ton  very 

aowT*' ^^^^'  ™iich.    Becent  official  data,  referring  to  the  placer- washings 
of  the  Ural  Mountains,  show  that  in  that  region  in  1875  there 
Percentoge  of  wcrc  extracted  5,300  kilos  of  gold  from  4,240,000  tonnes  of 
waBhin^  of  the  aarifcrons  sand,  giving  an  average  per  tonne  of  1|  grams. 
™ '  This  would  correspond  to  about  20  grains  of  gold,  or  some- 

thing over  80  cents  per  ton  of  2,000  lbs.  avoirdupois. 
thlu^^°^^*°     Vein-mining  is  carried  on  in  the  several  districts  in  the 

Ural,  but  apparently  to  a  small  extent.    The  district  of 

B6r^sowsk,  in  which  gold-bearing  quartz  veins  have  been 

worked  for  many  years,  still  appears  to  be  the  principal 

The  geological  locality  for  this  branch  of  mining.    The  formation  consists  of 

beds  of  talcose  schists,  in  which  occur  broad  dikes  of  beresite, 

a  granitic  rock  containing  pyrites  and  a  little  mica.    The 

quartz  veins  traverse  the  beresitic  dikes  perpendicularly, 

rarely,  though  sometimes,  passing  beyond  the  limits  of  the 

dikes,  which  generally  have  a  width  of  60  to  80  feet.    The 

quartz  veins  are  not  generally  large  (varying  from  a  small 

seam  to  3  or  4  feet),  and  the  average  value  of  the  ore  is  low„ 

being  stated  at  2  to  25  grams  to  the  tonne,  say  about  3CI 

Percentage  of  grains,  or  $1.20  to  four-fifths  of  an  ounce  troy,  or  $16  to  $15 

product.  p^^  ^^^  ^^  2,000  lbs.  avoirdupois.    The  average  value  o^^ 

quartz  veins  worked  in  this  district  during  former  years  in- 
stated at  about  13  grams  to  the  tonne,  or,  say,  half  an  ounc^^ 
of  metal  per  2,000  lbs.  of  ore. 
putiimm.  Platinum. — ^This  metal  is  generally  found  with  the  goL 

usnaUy  occurs  of  auriferous  sands.    It  rarely  occurs  by  itself,  that  is,  witH 
^    ^^  '         out  gold,  though  such  is  the  case  in  one  or  two  districts  ^ 

the  Ural,  namely,  Taguilsk,  Gk)roblagodatsk,  and  Bisersn 
It  has  not,  so  far,  been  found,  at  least  to  any  considerab^ 
extent,  in  rock  in  situ^  although  grains  of  platinum  are  8a^=: 
to  have  been  observed  in  the  quartz  of  the  mines  of  B6i=: 
Obtained  from  sowsk,  aud  the  cutirc  product  is  obtained  from  places 
p  acera.  ^^^^  ^^^  sauds  resulting  from  the  disintegration  of  the  roct^ 

The  deposits  of  Taguilsk  and  Bisersk,  in  which  district 
platinum  is  generally  found  unaccompanied  by  gold,  are 
scribed  as  follows  in  the  official  publication  of  the  Depa^' 
Nature  of  the  mcut  of  Miucs.    Serpeutiue  and  peridotite  form  the  bed 
iwk»"o?t^^i^the  borders  of  the  platiniferous  deposit,  and  fragments 
^iit™"*      ^^  these  rocks  predominate  among  those  occurring  in  the 

Chloritic  and  talcose  schists  also  occur  to  some  extent  in  t^l 
material  comprising  the  deposits,  together  with  chrocn^ 
iron  and  a  certain  conglomerate  of  serpentine  peridot  bjm 
chromic  iron,  with  a  calcareous  cement. 

From  the  occurrence  of  the  metal  in  grain  distribute* 
through  the  fragments  of  serpentine  and  peridotite  (frorr: 
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which  last-named  rock  the  serpentine  is  believed  to  have  re-       ^vmu. 


suited),  it  is  supposed  that  the  platinum  originaUy  existed  f£-;ir^ 
ID  a  state  of  dissemination  throughout  these  rocks  in  place   serpentine  ana 

^  peridotite       the 

prior  to  their  disintegration.  This  view  of  the  intimate  re-  natondguiKaeof 
lation  of  platinum  to  serpentine  is  corroborated  by  the  evi-  ^  ^^' 
dence  of  several  examples,  as  for  instance  in  the  district  of 
Hiassk,  where  platinum  is  found  in  auriferous  sands ;  the 
portions  most  productive  in  platinum  are  those  which  rest 
apon  the  serpentine  rocks.  At  the  sources  of  the  river 
lliass,  near  the  Narali  Mountains,  which  are  composed  of 
86ri>entine  rocks,  the  auriferous  sands  contain  considerable 
platinum ;  but  down  the  river,  in  proportion  to  the  disap- 
pearance of  the  serpentine  rocks,  the  quantity  of  platinum 
becomes  lees  and  less,  and  finally  nothing  in  places  where 
there  are  no  outcrops  of  that  rock. 

The  platinum  occurs  in  the  form  of  grains  and  sometimes  a^**^^5™*°* 
in  nuggets  of  greater  or  less  size.  The  largest  nugget  so 
£Eur  found  weighed  about  22  pounds.  Platinum  is  also  ac- 
companied by  chromic  iron,  gold,  iridium,  and  iridosonine. 
The  average  tenor  in  metal  per  tonne  of  the  platiniferous 
sands  is  from  6  to  8  grams,  or  about  one-fourth  of  an  ounce 
txoy;  sometimes  it  amounts  to  an  ounce  and  a  third.  Since 
tlie  discovery  of  the  platinum  deposits  in  the  district  of 
l!!^yre-T4guilsk,  that  is,  from  1825  to  1877,  the  product  of 
t^liat  metal  there  has  amounted  to  67,500  kilos,  or  148,810  lbs. 

The  average  quantity  of  platinum  now  annually  produced  tto^f**£jSum 
ill  the  districts  of  the  Ural  is  placed  at  1,050  kilos,  or  3,360  in  3i2i3?i  """^ 
ibe. 

The  pToduction  of  platinum  during  recent  years  is  given 
^  the  following  table : 


ProducHon  of  platinum  in  Eussia  during  reomt  yean. 


Table  of  plati- 
nam  production. 


Yearft. 


Number 

of  exploi- 

Utiont. 


6 
0 
0 
5 
0 
5 
7 
5 


Quantity  of 
■and*  washed. 


Prodnetfortenjeara 

SqidTalent  in  troT  onnoea 

▲asoal  arerage  wiring  ten  yean. 


Poodi, 

11,607,060 

18,070,660 

18.678,700 

0, 600, 160 

10,440,650 

8,252.000 

7,620,800 

0,054,800 

0,C01,000 

10,870,100 


Quantity 
oferude 

metal 
obtained. 


Poodt, 

100 

128 

148 

110 

125 

03 

00 

128 

04 

06 


1,121 

500.286 

60^080 
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The  entire  product  of  platinom  is  ftimished  from  mines 
^in^aiweottA.  of  private  individuals,  and  situated  in  the  northern  portion 
of  the  government  of  Perm.  The  refining  of  the  metal  waf 
formerly  done  wholly  in  the  mints  of  St.  Petersburg,  but 
at  present,  since  the  removal  of  the  tax,  the  principal  por 
tion  is  exported  in  the  crude  state. 
saver  and  lead.  Stlvor  and  lead.— The  following  table  shows  the  produe 
tion  of  these  metals  during  recent  years : 


Talile  of  pro- 
duction. 


Years. 


1867 
1868 
1860 
1870 
1871 
1872 
1873 
1874 
1875 
1876 


Poodt. 
2,588.404 
2, 873, 486 
3, 083, 375 
2, 116, 404 
2, 177, 640 
1,886,457 
1, 883, 152 
2, 065, 541 
1,580,410 
2, 096, 032 


J!" 

o 

9   fl  " 


7 
0 
8 
10 
0 
8 
7 
7 
8 
7 


120 
123 
130 
130 
110 
120 
119 
103 
111 


Poodt. 
2. 774, 828 
3.143,608 
2,400,717 
2.  066, 792 
1,  882, 636 
2, 134, 119 
1,906,425 
2, 079, 868 
1,839.826 
2, 146, 728 


Poods. 

1,106 
1,092 
769 
868 
829 
752 
007 
720 
001 
683 


Prodnct  for  ten  years 

Equivalent  in  troy  ounces  

Equivalent  in  tons  (2,000  pounds) 

Annual  average  for  ten  years,  ounces. 
Annual  average  for  ten  years,  tons 


8.027 
4, 226, 857 


422,686 


1 

d 

1 


Poodt. 

105,91 

100,22 

65.09 

100,65 

107,96 

74,66 

57,60 

81,15 

66,06 

71,27 


830.60 

»    •    •    •      ■     •    flW 

14, 9G 


Principal     The  silver  and  lead  product  of  the  year  1876  came  chief 
and  lead.   *       from  Siberia,  as  shown  by  the  following  statement: 


Department. 


Tomsk,  Siberia 

TransbaJikal.  Siberia 
Terek,  Caucasus 


5 
1 
1 


a 

IB 


Poodt. 
616 
41 
26 


1 


0 


Pood^ 


According  to  the  published  data  of  the  Departments 
Extensive  de-  Mines  there  are  no  very  extensive  deposits  of  rich  silver 

Sre*  niro  in  the  kuowu  at  prcscut  iu  the  Ural.    Occurrence  of  silver-beaiir" 

■pi  I  *■  _ 

veins  are  described  in  the  official  papers  referred  to, 
they  do  not  appear  to  be  extensively  worked.    It  will  he> 
served  in  the  above  statement,  referring  to  the  year  ISI 
that  no  part  of  the  silver  product  is  credited  to  the  ZJn 
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Copper. — The  following  statement  shows  the  production 
of  copper  in  Russia  during  recent  years : 


RU8BIA. 


Tears. 


li 


229 
88 
71 
77 
81 
64 
77 
79 
71 


I 


I. 
a 

OP 


Poodt. 
7, 7«3, 783 
8, 097, 155 
8,028,728 
6,892,622 
6,222,769 
5, 931, 133 
5,975,690 
5, 205, 185 
5, 515, 081 
6, 840, 548 


t   • 

5= 

1 

$•** 

g 

Set 

<s 

v.** 

*e 

o  • 

o 

k  «  a 

g  S  V 

M 

i! 

i 

^ 

>i5 

43 

190 

89 

250 

89 

262 

85 

247 

82 

225 

25 

234 

26 

258 

25 

235 

23 

233 

Prodact  for  ten  yean ■ 

Bqaivalent  in  tons  (2,000  ponnda) 
ADDoal  average  for  ten  years 


S 

P 

li 

a 

a 

& 


Pooda. 
7, 734, 779 
7, 975, 706 
7,  975, 706 
7, 190, 213 
6, 384, 154 
5,848,795 
5, 191, 931 
4,271,723 
4.877,556 
5,894,222 


Production  of 
copper  in— 


Mineral  vitaUk 
Copper. 

Tabic  of  copper 
prodnction. 


Poodt. 

257, 817 

268,078 

259,803 

308,440 

260,007 

223,282 
199,527 
222,769 
236,452 


2, 463, 051 
44,474 
4,447 


Poodt. 
18,259 
30,949 
21,597 
29,642 
21,277 
15,723 
18,971 
22,190 
29. 142 
28,841 


The  sources  of  the  copper  product  of  the  empire  in  the    SourcesofRus 

sian  copper. 

>^^ar  1876  were  as  follows : 


Government. 


Location. 


JoTuak 


5*enbiirjc 


x*^ 

^rirane ^ 

^lanoliBsk I  Kirghese 

^iniptlatinsk I do.. 

-■•yUnd Finland. 


Siberia... 
European 

!!!'.. do!!! 

do... 

....  do... 
Cancasns. 

do... 

do... 


Russia. 


Ko.  of  metallur* 
ffical  ostab- 
lisbments. 


1 
4 
4 
1 
1 
1 
5 
2 
1 
1 
1 
1 


Produc- 
tion. 


Poodt. 

33,646 

73,702 

37,537 

2,408 

546 

135 

62,903 

4,525 

900 

28,126 

789 

1,287 


Tin, — The  following  data  concerning  the  production  of   Tin 
^^  are  drawn  from  official  sources : 


Years. 


i 
a 
a 

O 


1^ 


.S'2 

Is 


1 
1 


Poodt. 

213,000 

66,292 

22,009 

21,445 

5,936 

4,596 

231 


Table    of    flu 
production. 


Product  for  five  years 2,920 

Equivalent  in  tons  of  2,000  pounds  avoirdupois 52 

Annnal  average  for  five  years 10. 2 
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The  whole  of  the  tin  product  above  quoted  was  furnished 


*. 


Mineral  vieduh.  froiD  a  siugle  mine  in  the  govemment  of  Yiborg,  in  Finland. 

Cobalt  and  NickeL — ^The  production  of  these  metals  in  the 
Bussian  Empire  during  recent  years  is  shown  in  the  fol- 
lowing table : 


Cobalt  and 
niokeL 


Table   of   pro- 
duction. 


Years. 


1867 
1M8 
1809 
1870 
1871 
1872 
1873 
1874 
1875 
1876 


o 

s 
a 
s 

o 
u 

J 


1 
1 
1 
1 


.9 

a 


t 


e 


Poodt, 
6,220 
9,000 
7,715 
1,249 
649 


460 


.9 

a 


»  CI 
^  M 


S 


Poodt. 


OS  o 
n  «  0 


2,803 
28,584 
22,033 
10,850 


*gip. 

3 


aa» 

o  00  r 

3  9  0 
0  S'O 


«0 

a 

••a 

l§ 

I 


Poodt. 

1,806 

2,447 

1,500 

806 


a 


-3  . 

-si 
"I 


1 
2 
2 


188 


Pooda. 


26 
136 
248 


• 
•o 

o 


Is 

^5. 


Poodt. 


loe 

48E 


Cobalt    ore 
the  Caacaaas. 


Ural 
nickel. 


orea 


o'  The  ores  of  cobalt  were  mined  and  worked  in  the  depart: 
ment  of  Elisabethpol,  in  the  Caucasus ;  those  of  nickel  im 
the  department  of  Perm,  in  the  Ural. 

In  the  Caucasus  the  cobalt  ore  is  described  as  occurrin:, 
in  a  contact  vein,  lying  upon  a  mass  of  magnetic  iroo 
The  inclosing  rock  of  the  iron  deposit  is  a  diorite,  and  b» 
tween  the  iron  and  the  overlying  country  rock  is  a  sma^ 
vein  of  hard  green  diorite,  in  which  are  small  nests,  bunches! 
and  stringers  of  cobalt  ore  (smaltine),  mingled  with  iro 
and  copper  pyrites.  The  vein  was  originally  worked  durin 
several  years  for  copper,  the  cobalt  ores  being  rejected 
worthless.  The  percentage  of  cobalt,  a<xx>rding  to  analyas 
of  the  ore,  varied  from  17  to  nearly  28  per  cent.  The  cm 
contained  little  or  no  nickel.  The  vein  was  worked  di 
several  years,  but  the  supply  of  metal  having  given  out  t 
a  considerable  sum  of  money  having  been  expended  in 
directed  and  fruitless  prospecting,  the  enterprise  was  a1 
doned. 

of     The  ores  of  nickel  in  the  CTral  occur  in  small  vein< 
quartz,  traversing  schistose  rocks.    According  to  M. 
mann  it  is  an  hydrated  silicate.    It  contains  18  per  cent^ 
nickel  oxide. 
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Ztnc— The  following  table  forDishes  the  official  data  con-  _ 
ceming  the  production  of  zinc  in  the  Bnssian  Empire  during  M^aiweaUh. 
leoent  years : 


Tears. 


1867. 

1868. 

1809 

1870. 

1871. 

1872. 

1873. 

1874. 

1875 

1878 


e 


e 

1^ 


10 


6 
6 
6 
7 
9 
6 
6 


Poodt. 
1,160,400* 
1,628,028* 
2,457,741 
2,860,754 
2,629,477 
4,388.345 
4,894,882 
0, 141, 105 
4, 027, 208 
3, 749, 415 


a 


4 
4 
4 

3 
4 
8 
3 
8 
3 
3 


11 


Poodi. 


88 

60 

128 

141 

9i 

91 

71 

88 

127 


i 


s 


Table   of  pro- 
daction. 


I 


Poodt. 
1,971,288* 
2,111,«76* 
1,  GG8, 733 
2, 117, 318 
1,685,495 
1,459.663 
1,095,627 
2, 118,  Oil 
2,818,401 

Zf  9Vff  B4o 


Product  for  ten  years 

Eqaivalent  in  tons  of  2,000  pounds 
Annual  average  for  ten  years 


Poodt. 
180,263 
198, 259 
221,328 
230,776 
166.581 
188,144 
206,037 
251,811 
243,280 
28'i.  198 

2, 168, 677 

39.158 

3,915 


*The  data  from  several  private  establishments  are  wanting. 

"Xhe  ores  of  zinc  produced  in  the  Russian  Empire  are    zinc  mines  of 
'^ined  entirely  in  Poland.    They  consist  chiefly  of  carbon- 
ates and  silicates,  associated  with  brown  hematite.    They 
^^ur  mainly  in  the  dolomite  beds  of  the  Muschelkalk  for- 
mation.   The  pnncipal  mines  are  in  the  neighborhood  of 
^Ikusz  and  near  the  boundary  line  of  Silesia.    The  great 
^tuc-bearing  district  of  Germany  is  therefore  continuous 
^ith  that  of  Russia,  the  division  being  merely  political. 
-Ilie  ore  occurs  in  masses  and  bunches  of  very  variable 
^mensions,  from  one  to  twelve  feet  wide,  and  in  several 
^^^stances  possessing  very  much  greater  thickness.     The 
l^rcentage  of  zinc  contained  in  the  ores  is  generally  from    Percentage  of 

c^    ,  ^  o  .7  metal  In  the  ore. 

^  to  14  i)er  cent.  A  large  portion  of  the  ore  is  obtained 
^&x)m  open  surface  workings.  Subterranean  mining  is  car- 
ded to  a  considerable  extent,  but  not  generally  to  any  great 
^€pth  on  account  of  the  great  abundance  of  water. 

The  value  of  the  zinc  product  in  1876,  already  given  in 

t.be  foregoing  table,  is  stated  at  about  800,000  rubles,  about 

♦WOjOOO. 


Valao  of  zino 
produoti 
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Iron. — The  following  table  famishes  official  data  concern- 
jfineraziwattfc.  ing  the  production  of  iron  in  the  BusBian  Empire  daring 

Iron. 

recent  years : 


Table   of  iron 
prodaction. 


Years. 


i 


ag 


1887. 

1868. 

1809 

1870. 

1871. 

1872. 

1873. 

1874. 

1876 

1876 


1,033 
1,165 
1,283 
1,180 
1,270 
1,106 
1,387 
1,346 
1,311 


Poodt. 
36, 849, 139 
41, 235, 575 
42, 596, 608 
48. 763, 156 
48, 471, 967 
54. 510, 434 
65, 047. 471 

67. 021. 784 
64, 945, 155 

61. 735. 785 


1-3  2  a 
5  a  2= 


137 
155 
164 
153 
150 
155 
157 
156 
151 


o  u 

538 


241 
246 
244 
242 
246 
247 
250 
254 


Years. 


1887. 

1868 

1869. 

1870. 

1871. 

1872. 

1873 

1874. 

1875. 

1876 


1 


o 

n. 

so*' 


Prodaction  of  metal. 


Cfi 


*5 

©a 


Pood». 
37,003,829 
43, 048, 318 
43, 701, 469 
48. 464, 114 
48,329,281 
52, 176, 174 
61, 633, 242 
61,649,066 
65^774,227 
50,396,028 


Poodt. 
14, 642, 724 
16, 600, 101 
16, 043, 956 
18.567,412 
18. 834, 383 
21, 046, 677 
19, 970, 066 
19, 856, 709 
22, 671, 639 
23,302,057 


Poods. 
2, 910, 169 
3. 187, 644 
3, 169, 908 
3, 401. 014 
3,099,606 
3. 328, 956 
3,494,241 
3, 357. 063 
3, 489,  784 
3,654,793 


Total  for  ten  years 

Equivalent  in* tons  of  2,000  pounds. 
Annual  average  for  ten  years 


Poodt. 

17,652, 

19,  727.  r 

20,103, 

21,959, 

21,932, 

24,374, 

23.464. 

23,212, 

26,061, 

26,956,. 


225,347^    02S 
40S^    909 


Sources  of  iron 
product  of  1876. 


Of  the  above  uroduct  of  1876  there  were  25,935,453  poods  of  charcoal  iron 
1,021,397  poods  or  iron  made  with  mineral  fuel 

The  iron  prodact  of  1876  was  derived  Irom  the  followr"iJ^S 
soarces : 


Government. 


Perm 

Oufa 

Ealouga 

Viatka 

Nyni-Nov|roro<l. 
Ekaterinoelav... 

Orenburg 

Tambov 

Kiazane  

Vladimir 

Okmetz 

Toula , 

Vihia 

Orel 

Volhynie 

Vologda 

Badom 

P6trokov 


Location. 


European  Bussia. 
...do 

..  do    

...do 

...do 

...do 

...do 

...do 

..do 

...do 

..  do 

...do 

...do 

...  do 

...do 

...do  

Poland 

...do 


Number  of 
metallur- 
gical es- 
tablish> 
ments. 


43 
8 

14 
6 
6 
1 
8 
2 
3 
2 
3 
1 
2 
1 
3 
2 

20 
8 


Number  of 
blast  fur- 
naces. 


71 

13 

18 

12 

10 

2 

8 

3 

3 

3 

3 

1 

2 

1 

3 

2 

28 

10 


Produ^*  ^^ 


me 


12.  ^-^^ 
1,875,: 
341,  f 
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Iron  product  of  1876,  ^. — Contmned. 


BUWLL 


GoTemment. 


XdtsA 

Suonio 

Abo    . 

&lnt  Michel 

Nyland 

Uleabonr 

ViboTgf..... 

lAoQtsk 

leuiaaeitik  . . . 
^VMbaXkal. 
Tomsk 


Locfttion. 


Poland  . 

Finland 

...do... 

...  do... 

...do.  . 

...do... 

...  do... 

Siberia.. 

...do... 

...do... 

...do... 


Number  of 
metallur- 
gical ee- 
tablish. 
ments. 


Knmberof 
blast  ftir- 


3 
6 
3 
3 
4 
2 
2 
1 
1 
1 
1 


4 
7 
8 
4 
4 
2 
2 
2 
1 
1 
1 


Iron. 
Sonrces  of  iron 


Prodactof  prodnct  of  1876. 
metaL 


Pood$. 

178,920 

e00,966 

80(1,777 

249,890 

207,258 

112,707 

91,892 

101, 110 

87,997 

71,100 

80,888 


The  principal  i)ortioii  of  the  iron  product,  as  maybe  seen 
in  the  foregoing  table,  comes  from  European  Bnssia  and 
the  regions  of  the  Ural  Mountains.  The  prevailing  ore  of 
those  districts  is  brown  hematite.  Magnetite  is  found  in 
veiy  many  localities,  but  is  less  extensively  worked.  Car- 
bonate ores  are  generally  of  rare  occurrence. 

The  following  table  shows  the  production  of  wrought  iron 
*nd  steel  during  recent  years : 


Years. 


Wrought  iron 
in  bars,  rods, 
and  sundry 
forms. 


Poodi. 


10, 513, 860 
11, 241, 170 
11,971.469 
12,420,096 
13, 048, 881 
12, 020, 281 
14, 301,  375 
14,842.451 
13, 853, 076 


Sheet  iron 

of  all 

kinds. 


FaodM. 

'3,' 178,099' 
3, 204. 041 
3,240,449 
3, 086. 317 
3, 324,  505 
3, 559, 100 
3. 673, 745 
3, 705. 208 
4,016,229 


Total 

Number 

wrought 

of  steel 

iron. 

furnaces. 

Poodt. 

11,457,645 

•  •  •  •      ■  •  • 

13, 650, 809 

707 

14,446,411 

405 

15, 217, 908 

495 

15, 5U6, 413 

372 

16,368,476 

813 

15, 585, 387 

472 

17, 075, 120 

711 

18, 547, 659 

828 

17, 860, 305 

681 

Product  of    TaUeof  produc- 
forged      ^i^<^  of  wrought 
and  oast    ^^  '^^  steeL 
steeL 


Poodt. 
382,554 
668,885 
439, 970 
636,086 
442,241 
511,727 
540,033 
460,718 
789,253 
1, 093, 757 


OooL — ^The  official  statistics  of  mineral  fuel  furnish  the    CoaL 
^Bowing  data  conceri.ing  its  production  during  recent 
^^rs: 


Years. 


Number  of 
collieries. 


115 

}|2-::::::::;::::::.... 

Jgi 

igj 

j&. 

i^ 

Jgs 

j|g 

^%  tons  (2,000  pounds) 


248 
193 
327 
348 
232 
303 
504 
640 


Quantity  of 
bitumin- 
ous coal 
produced. 


PoodM. 
19,613,020 
21,025,657 
24,871,106 
28,661,490 
35, 009, 156 
45, 076, 324 
44,537,625 
52. 419, 779 
76,561,713 
76, 210, 730 
1, 370, 105 


Quantity  of 
anthracite 
produced. 


Poodt. 

6, 903. 180 

5,455,141 

11,064,248 

13, 017, 371 

14, 190, 455 

20, 262. 302 

24. 704. 675 

23,714,063 

25, 728, 732 

33,274,407 

600,823 


ousscbists 
produced. 


Poodt, 

80,000 

150, 141 

800,794 

561,728 

1«  464, 941 

1,684,116 

2,244,028 

2, 679. 295 

2,087,622 

1, 787, 245 

32,272 


Total  min- 
eral ftiel 
produced. 


Table  of  pro- 
duction of  COM. 


Poodt. 

26, 506, 215 

27, 532, 141 

86, 736, 148 

42, 230, 589 

50, 654, 652 

07, 022, 742 

71, 486, 328 

78, 813, 137 

104,348,067 

111,  272, 448 

2,009,200 


17  P  B ^VOL  4 


258 


UNIVERSAL   EXPOSITION   AT   PARIS,  1878. 


BU8BIA. 


The  anthracite  product  in  the  above  table  is  froi 

Mineral  veaUh.\)eLain  of  the  Donctz.    In  1877  the  mining  of  anthrai 

Anthracite,  ug' the  department  of  Olonetz  was  commenced.    The  1 

and  bituminous  schists  come  mainly  from  Southern  I 

(EaeV'Blisabethgrad)^  partly  from  Poland,  and,  to  a 

extent,  from  the  Caucasus  and  Turkestan. 

The  product  of  mineral  fuel  in  1876  came  from  ti 
lowing-named  sources : 


Petroleum. 


Sources  of  mill-                            _ 
era!  fuel,  1876.                                  Government. 

Location. 

P 

Don 

Kki^t^rlnovlAy 

Enropetti  Bnasia 

do    

4: 

Tonlft * 

do  .     .  . 

i: 

do 

f 

Kiev 

do 

1 

Perm <. 

do 

1 

Esthonie  

do 

P6tiokov 

Poland 

Kirghese 

z 

AkmoUnsk 

Koal(ya 

Tnriceetan 

do    

Siberia....^ 

do 

Siv.Darift 

Tomak * ^ 

Littoral 

Koaban  , 

Canoamis  ...... 

Xonttjfl 

....  do 

Petroleum, — ^The  official  statistics  furnish  the  foil 
data  concerning  the  production  and  distiUation  of 
leum  during  recent  years : 


Table  of  pro- 
duction and  dia- 
tfllfttion  of  petro- 
leum. 


Years. 


1887 
1868 
1860 
1870 
1871 
1872 
1873 
1874 
1876 
1876 


Number  of 
artesian 
wells. 


771 
697 
733 
630 
567 


Quantity  of 
crude  pe- 
troleum 
obtained. 


Poodt. 

0d8,905 
1, 753, 084 
1,685,229 
1,704,455 
1, 375, 523 
1,535,081 
4, 176, 885 
5,208,710 
8, 174, 440 


Number  of 
distilla- 
tion es- 
tablish- 
ments. 


Quantity  of 
oil  pro- 
duced. 


63 

09 

110 

106 


Poodt. 


51h,546 
1,254,441 
1,460,596 
2, 227, 704 


Sources  of  pe-     The  sourccs  of  the  above  product  are  almost  altoj 

itroleum.  _.  »  •         a  rt 

in  the  Caucasus,  a  small  proportion  coming  from  Soi 
Bussia  and  the  £[irghese  district.  In  1877  the  prod) 
of  x)etroleum  and  the  distillation  of  mineral  oil  inci 
largely,  the  department  of  Bokou,  in  the  Caucasus 
ducing  12  million  i)oods  of  petroleum  and  fumisfa 
million  poods  of  mineral  oil. 
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Salt—The  official  statistics  fuiDish  the  following  data 
concerning  the  production  of  salt  during  recent  years : 


BUBBXA. 


MineraiwdUh. 

Salt 


Quantity  produced  (poods).     Piodaction    of 

1867 44, 22«,  075  «lt- 1867-1876. 

1868 36,798,253 

1869 39,876,926 

1870 36,114,580 

1871 28,254,530 

1872 39,712,311 

1873 ...  50,398,710 

1874 46,947,518 

1875 37,991,399 

1876 , 42,508,217 

Product  of  1875,  eqaivalent  in  tpns  (2,000  ponnds) 767, 372 


The  principal  portion  of  the  salt  product  is  obtained  from 
saline  lakes,  about  one-third  from  evaporation,  and  a  small  ^  ^' 
portion  from  rock-salt.    Large  deposits  of  the  latter  are  said 
to  have  been  recently  discovered  by  borings. 

Chromic  iron. — ^The  official  statistics  show  the  following 
concerning  the  production  of  chromic  iron  during  recent 
years.  It  is  mainly  derived  from  the  departments  of  Perm, 
^^nbnrg,  and  Oufa,  in  European  Eussia : 


Sonroea  of  nap- 


Cbromio  iron. 


Yean. 


1887 
1SB8 

\^ 
1K70 

1871 

1872 

1873 

1874 

1875 

1870; 


No.  of 
mines. 


2 
5 
2 
9 
6 
7 
0 
6 
8 
4 


Qnantity   of  .  J*^  «'  P"^ 
chromiciron  d««*l«>- 
obtained. 


Poods. 

86,877 

41,084 

66,881 

600,024 

450,078 

372, 540 

801,809 

316, 561 

200,848 

58,167 


Graphite. — ^The  official  statistics  show  the  following  con-    Graphite, 
truing  the  production  of  graphite  during  recent  years.    Its 
^hief  source  is  the  territory  of  Semipalatinsk  (Kirghese  dis- 
^ct)  and  the  department  of  Perm : 


Years. 


}««7. 

1873 
1874 


No.  of 
mines. 


1 
2 
1 
1 
4 
3 


^     ,  Table  of  pro- 

Prodnct.  daotion. 


Poodt. 
4,000 
5,168 
2,000 
4,178 
18,500 
7,100 


.    ^Iphur. — ^There  is  one  mine  of  sulphur  and  one  refinery   gniphnr. 
^  I^oland  (department  of  Keltze).    The  product  of  refined   Prodnction. 
^^^^ur  in  1876  was  31,100  poods ;  in  1876  the  product  was 
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18,379  poods. '  Exploitations  of  salphor  have  recently 


Min^aiveaUh.  commenced  in  the  territory  of  Daguestan,  in  the  Gaucaau..c 

Snlplinr. 
Statistics. 


The  total  number  of  laborers  employed  in  the  mining 
dustry  of  Bossia  amounted  in  1876  to  285,758. 

The  horse-power  of  machines  employed  in  1876  in  ttm^ 
mines  and  metallurgical  works  of  the  empire  is  stated  ^^^ 
65,717. 

themetSoMi<»i     ^^^  metallurgical  industry  of  Bussia  is  far  behind  Ab^^^ 
indnstpy  of  W  nccds  of  the  country.    This  remark  applies,  however,  mo 

to  the  extent  of  its  development  than  to  its  methods,  ani 
more  to  the  quantity  than  to  the  quality  of  the  products. 

Within  recent  years  an  increased  activity  in  metaUur""^' 
gical  industry  has  been  noted.    The  abolition  of  serfdom  ii 
1861,  the  expansiwi  of  the  system  of  railways,  and  the  ii 
creased  use  of  domestic  mineral  fuel  are  among  the  princi 
pal  causes  that  have  already  promoted  and  are  likely  still 
advance  the  development  of  this  branch  of  industry.    TL 
Liberal  poUcy  administration  of  the  Department  of  Mines  pursues,  on 
tion.  half  of  the  government,  a  very  liberal  policy.    A  large 


of  engineers  are  employed  constantly  in  visiting  the  varioc 
sections  of  the  empire,  studying  and  mapping  the  geolo| 
and  obtaining  all  available  information  tending  to  promo' 
the  development  of  the  mineral  resources  of  the  country ;  an 
competent  men  are  sent  from  time  to  time  to  visit  all  pc 
tions  of  Europe  and  America  for  the  purpose  of  noting 
introducing  at  home  any  desired  improvements  in  th 
methods  of  work. 
of  the^^OTtpS     ^^^  products  of  mineral  industry  in  Eussia  are,  in 
anmSw?*"  *^'  respects,  insufficient  to  supply  the  demand,  and  the  im 

tation  of  metals  and  minerals  generally  exceeds  their 
To  what  extent  this  is  true  is  partly  indicated  by  the  foil 
ing  statement  of  imports  and  exports  for  the  year  1876: 


stunption. 


(>ort8. 


Table  of 
^ports  and  im-j^^j^^ 

£22;?";;::::.: 

Zinc 

Cast  iron  (pig) . 
Wrought  iron.. 

steel 

Fetrolenm 

Salt 

Coal 


Importation. 


From 
£iiroi>e. 


From  Asia. 


Poods. 


Mannfliotares  in  metal 

Machines 

Manufactures  in  gold  and  silver. . 


357,644 

1.854,229 

80,724 

2,065,032 

8,622,738 

10, 820, 840 

2,622,480 

17,270,925 

88,180,206 

Rublet. 
26, 825, 836 
27,154.807 
510,387 


Poodt. 


1,001 

0.760 

851 


4,000 

8,164 

3,103 

696 

48,555 

Bublu, 
133,052 
60,030 
1,344 


Exportation. 


To  Europe. 


Poodt. 
66 
12,804 


880 

858,646 

4,880 

2,919 
84,475 

Ruble$, 
140,149 
127,023 
424.425 


€23 

s«5 
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Among  the  principal  products  imported  into  Enssia,  ac-  _ 
oordiDg  to  the  foregoing  table,  are  coal,  cast  iron,  wrought 
iron,  steel,  copx>er,  and  salt.   The  following  statement  shows 
the  sources  from  which  those  imports  were  derived  in  1876:  Jowimn 


sonroM 


Coantries. 

CoaL 

Cast  iron. 

Wrought 
iron. 

steel  and 
■tee]  rails. 

Copper. 

Salt. 

Great  Brttain 

Germany 

Poodt. 

63.467,021 

22,600,138 

1,054,384 

90,007 

Poodt. 

1,920. 207 
561,282 

Poodt. 

2,987,677 

3,469, 666 

33,405 

64,676 

Poodt. 
6.283,832 
2,493,604 

Poodt. 

177,129 

12M15 

1,223 

22,786 

Poodt. 
4,690,004 
7,024,601 

Franc «      

70,816 

66,446 

1,433,631 

607,311 

203,218 

Spain 

Port^j^l 

Swedes  &Norway. 
Holland 

214,020 
7,937 

30,784 
1,250,933 

85,206 
1,208,988 

1,368 

Belfiiam 

1,220 

17,980 

416,282 

Ito^. 

48,303 

66,719 

Toncey  

858,894 

87,894 

VI. 

_8WEDEK^_  SWEDEN. 

THE  SWEDISH  EXHIBIT. 

UDoquaied     It  wos  Dot  onlv  in  her  display  of  iron  and  iron  ores  ihi^" 

shovr  of  iroii  and  *'  r     »/ 

iron  ores.  Sweden  surpassed  other  countries.    The  admirable  explan^^^ 


tory  literature  prepared  for  the  occasion  under  the  auspi< 
toito"'^iiteii^  ^^  ^^®  Swedish  Government  was,  on  the  whole,  unequaleC^* 
tore.  One  of  the  capital  volumes  distributed  in  the  Swedish  ps 

The  MJowawne  ^^^°  ^^  entitled  Boyaume  de  SuedCj  Exposi  Statistiqa* 
ftcuutimJ^'^tSe  ^^^  contains  a  complete  series  of  papers  touching  on 
"®?r^.  ***t  ^^*^  the  social,  industrial,  educational,  and  scientific  features 

author's  informa-  '  '  ' 

tion.  the  country,  written,  too,  for  the  most  part,  by  well-knoi 

specialists.    It  would  be  a  waste  of  time  to  attempt  any  ic 
provement  upon  the  account  of  the  mineral  industries        -C3f 
Sweden  given  in  this  manual,  and  the  following  pages 
sist  essentially  of  literal  translations  from  it,  abbreviat- 
where  the  original  seemed  fuller  than  was  needful  for  t- 
purposes  of  this  report. 

lo  iooS^SSt&M     Sweden  is,  so  to  speak,  made  up  of  the  extremes  of  fcz^Hiie 

orsweden.        scrics  of  geological  formations.  The  crystalline  rocks  of  •zrlfce 

primary  formations  are,  as  a  rule,  immediately  covered  l3j 
the  soft  beds  of  the  Quartenary  epoch,  and  only  a  sncm^  ^il 
portion  of  the  intermediate  formations  are  represented.  Of 
these  the  Silurian  covers  the  greatest  area. 

Throughout  vast  regions  the  country  consists  of  rock  2^  of 
the  primary  formations,  gneiss  alternating  with  other  s^^^i- 
mentary  rocks  of  the  same  period  and  even  with  gracBJ*^ 
The  gneiss  for-  In  Swcdcu,  as  in  Other  countries,  one  grand  division  of  ^^^ 
territory  occupied  by  this  rock  is  composed  of  red  gn^*-^^ 
another  of  gray.  The  gray  gneiss  extends  over  mosto^  t^e 
eastern  portion  of  the  country,  the  red  over  the  westerx^  — 
Another  division  of  primary  origin,  probably  later  ti^^^ 

curito  gpoup!**^*  t^^  preceding,  consists  of  the  group  called  eurite  or  pet^^^^ 

silex  (halleflinta).  Although  they  cover  a  relatively  in^  ^S- 
nificant  territory,  these  last  rocks  are  of  great  industr^^ 
value,  inasmuch  as  they  contain  the  most  important  depose- ^^® 
of  iron  ores,  which  do  not  occur  as  veins,  but  in  beds  or  J^^^' 
ticular  masses  evidently  formed  at  the  same  time  with  t^^^® 

rence  ^of  **iron,  iuclosiug  rocks.    The  samc  is  the  case  with  certain  of  t^^^^ 

xinc.  and  eoppc r  ^^^^^.^  ^^  ^j^^^  ^^^  of  COppcr. 
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>  for  as  is  known,  coal  occurs  in  Sweden  only  in  the  es^-      swKPPf. 

le  southern  province  in  the  Malmohus  district   The  geo- 

«il  horizon  of  the  coal  beds  is  not  definitely  determined,    ^®^* 

is  commonly  referred  to  the  Trias  or  the  Jura.    They 

,  however,  been  worked  at  long  intervals  since  the  mid- 

f  the  eighteenth  century. 

e  greater  part  of  the  coal  extracted  has  been  won  in  the 

iborhood  of  Hoganas,  iu  the  northern  portion  of  the    Hoginte  field. 

At  this  point  there  are  two  seams.    One  of  these, 
ng  in  thickness  from  six  to  eighteen  inches,  is  aban-    Qn^uty  of  the 
[I ;  the  other  is,  to  be  sure,  some  four  feet  six  inches 
,  but  contains  only  about  seven  inches  of  good  coal 
hirteen  inches  of  i>oor  coal,  the  remainder  being  com- 
l  of  bituminous  shale  partings.   Below  the  coal  is  abed 
e-clay  about  five  feet  iu  thickness,  which  is  mined  with    Firo-ciay. 
oal  to  some  extent.    The  coal  called  second  quality 
ins  20  per  cent,  ash,  and  the  third  quality  no  less  than 
r  cent    The  quantity  of  coal  mined  in  1876  was  nearly .  *]a;p"^  ©^  «»> 
,000  cubic  feet  (or,  roughly,  80,000  tons).    The  produc- 
iaj$  doubled  since  1871. 

tive  explorations  have  been  going  on  by  boring  in  the 
listrict,  and  to  some  extent  with  satisfactory  results, 
al  seams,  some  of  them  much  thicker  than  that  of  Ho- 
s,  having  been  thus  discovered ;  but  usually  much  of 
lickness  is  shale  and  clay.  The  refractory  clays  are  of 
ior  quality,  and  are  extracted  in  large  quantities.  coSl"^*^  ^^  ^^^ 
of  the  coals  are  unfit  for  making  coke. 

3  importation  of  coal  and  coke,  which  comes  almost  ex-   imporuofcoai. 
rely  from  England,  has  increased  constantly  during  the 
lecades.    In  round   numbers  the  quantity  imported 

) 12, 000, 000  cubic  feet,  or,  say,  2G0, 000  tons. 

} 21,000,000  cubic  feet,  or,  say,  470, 000  tons. 

5 38, 000, 000  cubic  feet,  or,  say,  840, 000  tons. 

3weden  is  wretchedly  off  for  coal,  it  at  least  has  abun-  p^^'*"^*"^  ^^ 

3  of  peat    Becent  explorations  have  proved  that  the 

marshes  cover  one-twelfth  of  the  area  of  the  coun-p^^^J^^,^*'**' 

lud  that  the  average  thickness  of  the  peat  in  these 

iies  is  two  meters.    For  the  past  few  years  the  high 

of  coal  and  "the  zeal  of  a  number  of  patriots^  have 

ly  stimulated   the  raising   and    application  of  this 

0  such  an  extent  that  at  least  eight  times  as  much  peat  i^tSnof  pent 

w  extracted  as  in  18G5.    No  official  statistics  as  to  the 

int  of  peat  raised  exist,  but  it  is  believed  that  at  least 

uachines  for  making  pe^it  arc  at  work,  and  that  they 

wrn  out  an  average  of  5,000  tons  a  year  each.    Several  ^^^^  *°^ 
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machines  are  mentioned  in  the  report,  but  that  of  Eichom. 
Peat  machines,  which  makes  the  peat  into  balls,  as  improved  by  Horn  and 

Thiinberg,  seems  to  enjoy  special  favor. 
iiiS?St*  iS**t^e     Th^^  are  districts  in  the  United  States  where  peat  is  th< 
eS^SiwOappu*  "^^8^  plentiful  fuel.    We  have  therefore  a  direct  interest  ii 
cations  of  peat,    the  Swcdish  cfforts  to  render  it  a  convenient  one.    No  men 

tion  is  made  of  the  metallurgical  application  of  peat,  thongl 

fanSjes^*^*^^^^®  ^^^^  knowu  that  it  is  applied,  to  some  extent,  in  tin 
manufacture  of  gas  for  Siemens  furnaces. 

ores^of  Sw^OT?"  ^^  ^®  ^^  course  in  its  admirable  iron  ores  that  Sweden  pos 
sesses  its  chief  mineral  wccilth.  Professor  Akerman  con 
tributed  a  special  memoir  on  the  Swedish  iron  industry  ti 
the  literature  of  the  Exposition,  and  by  far  the  greater  par 
of  the  exhibits  i^lated  to  that  metal,  with  which,  howevei 
this  report  is  not  concerned. 

try^Mt^tofhat     ^^^^  ^  ^^^^j  coppcr  is  the  most  important  metal  obtains 

of  iron.  jn  SwedcH.    The  most  productive  copper  mines  are  those 

Fahlun  and  Atvidaberg,     The  former  is  about  120  miL_ 
northwest  of  Stockholm ;  the  latter  a  few  miles  nearer,  ii^ 
LocaiiUes  of  southwesterly  direction.    Copper  ores  are  also  obtained 

the  copper  mines.  .,  ,  .  ,^  ....  -r       i        i 

numerous  other  places  in  smaller  quantities.    Lapland 


a  copper  mine  at  Svappavara,  the  importance  of  which 
been  much  exaggerated. 
Varieties  of     The  chicf  orc  of  copper  is  chalcopyrite.  Variegated  copH 
ore  and  copper  glance  are  rare.    With  a  view  to  econonci^ 
ing  fuel,  which  was  constantly  rising  in  price,  an  elabon — 
ore-dressing  establishment  was  constructed  at  Fahlun 
ten  years  since,  but,  in  spite  of  admirable  organization, 
j^^^^  ^  lossof  copperin  the  ore-dressing  operations  was  too  great, 

extraction  by  wet  methods  was  adopted,  instead  of  con< 
tration  and  smelting.    The  greater  part  of  the  copper  is 


The  present  extracted  by  chloridizing,  roasting,  leaching,  and  preci^^  ^ 

osoal  process.      x«  'i-u    •  xu  •    'x   /    t.   •  ^ 

tion  with  iron  sponge,  the  copper  precipitate  being  ren 


in  gas  furnaces.    At  Atvidaberg  the  old  method  of  smel tiJ 

The  uncitinsjg  g^yi  pupsQed.    The  rcgulus  produccd  by  Smelting  the  o 

is  roasted  and  reduced  to  black  copper,  which  is  sulis 

quently  refined  in  reverberatory  furnaces.    The  smelting  ^ 

the  oro  and  calcined  regulus  is  carried  out  in  blast  furnace^^ 

Production.         In  1876  901  tons  of  copper  and  280  tons  of  sulphate  we^ 

Workmen.      produccd  iu  Swcdcu.    The  number  of  workmen  employe^ 

in  this  industry  was  1,455.    The  production  of  copper  hsu- 

undergone  a  sensible  diminution  in   the  course  of  late 

years.    It  reached  its  maximum  in  1809,  when  it  amounted 

to  about  2,300.    Some  350  to  500  tons  commonly  remain  iu 

the  country ;  the  remainder  is  exported.    Copper  ore  is  also 

Export.         exported  to  England.    In  1871  this  exportation  was  in  the 
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ghborhood  of  1,500  tons,  but  had  sunk  to  half  this  amount . 

1876. 

Chopper  is  worked  up  in  part  in  the  smelting  works  and    Copper, 
special  rolling  mills,  partly  by  copi>ersmiths  in  town  and 
comantry,  and  in  part,  and  that  on  a  large  scale,  by  the  great  cauS^*?SS  cop. 
Dci^Mhiue  shops  of  the  country.    The  manu&cture  of  appa-  ^^' 
rsi.'tms  for  the  distiUation  of  spirits  is  one  of  the  principal 
l>x*»nches  of  the  Swedish  copper  industry. 

^old  is  extracted  at  pres^it  only  from  the  copper  pyrites   ^***^- 
o:£*  Fahlun,  and  to  the  extent  of  some  half-dozen  kilos  i>er 


Lead  and  silYer. 


Jjead  and  Silver. — ^The  principal  silver  mine  of  Sweden  is 

Mtxe  old  and  famous  one  at  Sala.    Its  production  is  insignifl- 

QSLut  DOW  in  comparison  with  its  former  yield,  and  in  1876 

^^£16  only  793  kilos.    All  the  silver  is  produced  from  lead 

OXQ8,  and  of  lead  as  well  as  of  silver  only  a  very  small 

quantity  is  now  produced — some  300  tons. 

2[ickeL — Nickeliferous  ores  are  of  frequent  occurrence  in 
Sweden,  but  comparatively  seldom  in  paying  quantities, 
"^e  principal  mines  are  at  Kleva,  in  the  province  of  Jon- 
koping  and  at  Sagmyra,  in  Dalecarlia.  The  product  con- 
^^ts  of  an  alloy  of  nickel,  more  or  less  rich  in  copper,  of 
^hich  somewhat  lejss  than  a  ton  was  produced  in  1876.  At 
-^Qaberg  about  a  thousand  pounds  of  clean  cobalt  ore  was 
^^tracted  in  the  same  year. 

^nc  occurs  only  as  a  blende,  of  which  there  are  several 

^Oes.    The  most  important  is  that  of  Ammeberg,  which 

^^  between  the  great  lakes  Werner  and  Wetter.    It  belongs 

^  the  famous  Belgian  company  La  Yielle  Montagne.    The 

PxX)duct  of  this  mine  was  about  1,300  tons  of  ore  in  I860, 

*^^t  since  1865  the  output  has  been  from  25,000  to  30,000 

T^iis.    Adding  the  product  of  mines  in  the  provinces  of 

^^ebro  and  Kopparberg,  the  total  production  for  1876  was 

'^>o23  tons.    The  ore  is  concentrated  by  roasting,  leaching, 

^^d  dressing,  and  is  thus  exported.    No  metallic  zinc  is 

I^^x>duced  in  Sweden.    Manganese,  iron  pyrites,  for  sulphuric 

^^id  manufacture,  etc.,  and  graphite  are  mined  to  a  small 

^^tent. 

^etal  working  in  its  various  brunches  is  carried  on  with 
^^nie  activity  for  the  supply  of  the  home  market.    There  are 
four  brass  works  in  the  country,  several  German-silver  fac- 
^ries,  silver-plaiting  establishments,  and  the  like. 

^e  greater  portion  of  the  surface  of  Sweden  is  composed 
of  hard  and  compact  rocks  belonging  to  primitive  formations, 
^ch  as  gneiss,  eurite,  granite,  etc.,  and  it  is  in  these  rocks 
^t  most  of  the  ore  deposits  are  found.    In  consequence  of 


NiokeL 


Zino. 


Mine  of  Amme- 
berg. 


Production    <tf 
sino  in  1876. 


Metal-working 
eatablishmenttt. 


The  primitive 
character  of  the 
Swedish  rocks. 
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gwKDKK.      this  fact,  prospecting  by  boring  has  not  been  so  much  pra< 

ticed  in  Sweden  as  in  some  other  countries.    The  positioi 

^pjoting  by  and  extonsiou  of  deposits  of  iron  ore  have  been  for  a  centurj 

priced.         and  are  still,  investigated  by  the  magnetic  needle.     It  i 

certainly  incorrect  to  speak  of  this  method  of  prospectiU; 

for  magnetic  ores  of  iron,  as  the  Swedish  commissioners  dc 

as  presque  incannu  d>  Stranger.      Professor  Thal^n,  th 

investigatioii  wcll-kuown  physicist,  has  lately  mounted  the  needle  as  a 

needle*  °^^*  ^  instrument  of  precision,  and  has  shown  how,  by  a  cousidei 

able  number  of  observations  on  the  deflections  of  the  needl 

above  a  deposit  of  iron  ore,  the  positive  and  negative  pole 

of  the  magnetic  mass  can  be  determined.    Between  thes 

points  lie«  the  greater  portion  of  the  ore  body. 

Boring  appa-     The  apparatus  most  used  for  boring,  where  this  method  i 

practicable,  is  that  of  Mortensen.    The  diamond  drill  aa 

the  Chinese  rope-dnll  have  also  been  applied.    For  drillin 

short  holes  many  machines  have  been  tried.    The  ^^  Iron  B- 

reau"  {Jem  Kontoret)  had  a  series  of  competitive  trials  es 

outed  at  its  expense  with  the  machines  of  Burleigh,  SchraTi 

Band,  Ingersoll,  and  Cederblom.     Our  authority  report 

Diamond  and  ^^Thc  rcsult  of  all  thcsc  trials  has  been  that  machine  drr 

driUH.  ing,  far  from  being  cheaper  than  hand  work,  cost  much  mc 

in  most  cases,  a  circumstance  due  principally  to  the 
Comparison  toulshiDg  dexterity  of  our  miners."    It  would  be  interest^ 
hand  drilling,     to  kuow  something  of  the  size  of  the  openings  where    i 

trials  were  made,  eto.,  in  order  to  gage  the  extent  of  < 
astonishment. 

Swedish  mining  machinery  offers  no  special  points  o^ 
terest.     Access  is  obtained  even  to  the  mines  at  Fatil 
Minera*  ladders.  (1,200  fcot)  aud  Sala  (1,100  fcct)  by  ladders  only.    lAt: 
Drainage  and  troublc  is  experienced  with  water,  and  pumping  and  boJj 
t  g  wor  s.  ^g  ^^  commonly  effected  by  power  derived  from  wBtM 
wheels,  for  water-power   is  more  generally  available 
Sweden  than  in  almost  any  other  country. 


vn. 

NOEWAY.  :sowi9Ar. 

THE  NORWEGIAN  EXHIBIT. 

Hie  ScandinaviaQ  x>6Qinsala  is  a  geological  anit,  and  what 
^  been  said  of  the  geology  of  Sweden  is,  for  the  most  part, 
equally  true  of  Norway.     The  deposits  of  lignite  in  the 
wuthern  province  of  Sweden  do  not  extend  into  Norway, 
i^d   the  kingdom  is  practically  without  coal  or  lignite.  J^^i^J*^^**^ 
^veu  the  formations  where  such  might  be  looked  for  are 
confined  to  the  portion  of  the  countrj*  lying  within  the 
Arctic  Circle. 
The  fundamental  rocks  of  Norway  are  assigned*  by  Nor- ,  4* !®  J***'  ^*^" 

C7  •/  logical  character 

^egiau  geologists  to  the  Azoic  epoch,  in  which  is  included  ©r  the  rocUs  of 
^hat  Hunt  and  other  American  geologists  call  the  Bozoic 
^^  Archsean,  as  well  as  the  earlier  gneiss.  The  close  of  the 
Archaean  period  in  Norway  was  marked  by  eruptions  of 
Si^nite,  forming  in  part  ranges  of  hills,  in  part  irregular 
^J^Misses.  These  granites  are  frequently  accompanied  by 
pa66ro,t  and  possess  great  importance  with  reference  to  the 
deposits  of  ore. 

Immediately  after  the  great  topographical  changes  pro-  intnwiona  and 
duced  by  the  eruptions  of  granite,  and  possibly  while  they 
'^ere  still  going  on,  began  the  deposition  of  the  Taconic 
■^^s-t  These  beds  rest  uuconformably  on  the  older  strata 
^iid  are  three  in  number.  The  second  has  been  identified  as 
^^rresponding  to  the  Potsdam  epoch  in  the  United  States. 
The  Taconic  beds  cover  a  very  large  proportion  of  the  area 
^^  Norway. 

Important  occurrences  of  eruptive  rock  are  also  met  with   Eruptive  locka. 
^bicU  are  referred  to  the  close  of  the  Taconic  era.     The 
^^uptive  rock  is  mainly  gabbro,  but  granite,  syenite,  and 
^orite  of  seemingly  eruptive  character  are  also  referred  to 
^^e  same  period. 
The  Silurian  and  Devonian  formations  occur  mainlv  in  ^   suurinn  and 

i.,^  *  Devonian  fonna* 

^wo  considerable  areas,  the  one  at  and  north  of  Ohristiauia,  tiona. 

*  U  Baymime  de  Norv4ge  et  le  Peuple  Norv^Qien,  par  le  Dr.  O.  G.  Broch, 
p.  106. 

f  A  variety  of  greenatone ;  eqaivalent  to  the  Fr,  Euphotide. 

tThe  Taconic  system  of  Emmons  is  nearly  synonymous  with  the 
Lower  and  Middle  Cambrian  of  Sedgwick  and  others. 

as7 
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woBWAT.  the  other  in  nearly  the  northernmost  portion  of  the  country. 
Eraptive  rocks  are  assigned  to  periods  during  the  Silurian 
and  succeeding  the  Devonian. 

PeriodBoferup.  Four  outbuTsts  of  plutouic  rock  are,  then,  recognized  in 
Norway :  An  Ante-Taconic,  a  Post-Taconic,  a  Silurian  erup- 
tion, and  one  in  Post-Devonian  times. 

Abaenceof  cer-     Throughout  Southcm  Norway  all  the  formations  from  the 

tain  foimationa.    ^  .  ,      -r^         r«       . 

Devonian  to  the  Post-Tertiary  are  wanting. 
On  the  little  island  of  Andoe,  off  the  northwest  coast  oi 
Coal  seams.     Norway,  occur  coal  seams  determined  by  Dahll  as  Jurassic 

These  seams  are  thin,  varying  from  4  to  20  inches/  and  an 

at  present  of  no  practical  value.    In  Finmark,  the  northern 
Graphite.       most  proviucc  of  Norway,  there  are  also  beds  of  graphite 

supposed  to  be  of  Carboniterous  origin. 
The  connection  between  the  ore  deposits  of  Norway  an 

its  geological  structure  is  interesting.    Norway  is  the  hoic 
The  Fahibandt.  of  the  FohlbandSj  OT  the  impregnated  zones  of  rock,  ai= 

these  deposits  are  almost  uniformly  at  or  near  the  c(^ 
The  positions  tact  betwecu  the  eruptive  crystalline  rocks  and  the  more 

of    their    ocoar-  ,  .  , .  mi  i 

rence.  less  m6tamorphic  sedimentary  strata.    Thus  to  the  west  a^ 

northwest  of  Kongsberg,  at  the  limits  of  an  Ante-Tacom 

granite  area,  occur  masses  of  gabbro.    Near  the  gabbro  t:^ 

MetaUicdepos-  adjoining  ^^  Azoic"  rock  contains  the  famous  deposits  of  h:: 

itojn  the  jW  ^^^  gij^^j.  Q^jj^  gji^^j^  ores— veins  in  Fahibandt.    The  coIm 

deposits  of  Snarum  and  Modum  and  the  nickel  deposits 
Bingerike  are  of  the  same  character.    At  Ekersnnd  tita:a 
iron  ore  is  found  under  similar  conditions, 
ooonrrence  of    Orcs,  especially  those  of  copi)er  and  of  iron,  frequeix. 
ores,  ^   ^^^' occur  at  the  edge  of  the  Ante-Taconic  granite.    This  is  ^ 


case  with  the  celebrated  iron- ore  deposits  of  Naes, 'and 
copper  mines  at  several  points  in  Telemark  and  in  Saet^^ 
dal.  The  Post-Taconic  eruptive  rocks,  especially  the  g^ 
bro,  are  similarly  accompanied  by  ore  deposits,  particul^^ 

and  niokeL        of  chromc  irou,  copper,  and  nickel.    The  well-known  co|  >] 

deposit  at  Boeros  or  Uoeraas,  in  Trondhjem,  is  of  this  eb 
acter.  The  Silurian  and  Post-Devonian  outbursts  of  plutoi 
rocks  do  not  appear  to  have  been  accompanied  by  the  dej 
sition  of  ores ;  it  is,  however,  from  these  later  occurreucM 
especially  at  Grefven&s,  near  Ghristiania,  that  the  graa:J 
so  valuable  for  ornamental  and  monumental  purposes 
quarried. 

river-^ds?'*"*"     All  the  considerable  rivers  of  the  extreme  north  of  N^ 

way  are  auriferous.    The  gold  is  found  in  small  scales  inttf 
river-beds  and  in  the  coarse  secondary  gravel  deposits  foi 


*  J.  Marcou,  Carte  Geolog,  de  la  Terre,  p.  76.    Letter  from  Mr.  T.  Dah 
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AuriferoiM 
river-beds. 


in^  the  high  banks  between  which  these  rivers  ran.  From 
the  description  given,  it  seems  not  impossible  that  these  de- 
posits might  be  suitable  for  hydraulic  mining  were  they 

situated  in  a  more  genial  latitude. 

Norway,  though  a  remarkable  mineral  country,  cannot  be  t^J^^JJ^^  f ^ 

called  a  rich  one,  for  the  value  of  the  products  of  the  mines  or  metais. 

and  smelting  works  is  not  much  more  than  half  that  of  the 

<a-ade  and  bar  metal  consumed  in  the  kingdom,  as  is  shown 

in  the  following  table : 

Hean  annual  valine  of  the  Nartoegian  metal  trade  from  1871  to  1875. 

Value  of  products  of  mines  and  smelting  works $1, 521, 400        Stati«tica  of 

Value  of  crude  and  bar  metal  exported 65d,9325S?J'i;S*^poS!* 

Value  of  crude  and  bar  metal  retained 966, 468 

Value  of  crude  and  bar  metal  imported 1, 645, 756 

Value  of  crude  and  bar  metal  consumed 2,612,S24 

The  mining  industry  of  Norway  appears  to  be  declining  DeoUne  of  the 
in  some  important  respects.  The  value  of  the  silver  and  of  ™*»*»«*">*'"*'y 
the  iron  produced  annually  since  1870  was  little  more  than 
half  as  great  as  it  was  between  1850  and  1855.  The  copper 
product  has  remained  very  nearly  constant.  On  the  other 
hand,  the  amount  and  value  of  the  nickel  and  the  pyrites 
niines  has  iuCTeased  rapidly  since  1800,  bringing  the  total  niJker^d"  **** 
Value  of  the  mining  industry  to  a  slightly  higher  point  than '^^^•p'^"®^- 
^t  reached  twenty  years  ago. 

The  following  tables  from  Dr.  Broch's  volume  exhibit 
the  commercial  relations  of  the  Norwegian  mining  industry : 


py- 


Produot  of  the  Norwegian  minee. 


^▼erore ton»*. 

^?PP««re do.. 

fyntes do.. 

Jf<p«e do.. 

gobahore do.. 

\<niiomiiui|  o„ do 

^wkelore do.. 

^«w«nd  lead  ore do.. 


Prodaotof 
the  Norwegian 
mines. 


Mean  for  the  year»— 


18ai-'65. 


1,900 
13,830 
18,190 
24,495 

5,875 
600 

3,540 


1860-70. 


2,000 
10,680 
65,860 
20,285 

2,290 
10 

4,560 

8,000 


1871-75. 


'Tona  of  1,000  kilos,  or  2,205  pounds  avoirdupois. 


2,190 

16,610 

72,285 

28,285 

8,115 

90 

18,580 

000 
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Product  of  the  Norwegian  emelting  %Dork9. 


Frodaot  of 
the  Norwegian 
amelUng  works. 


Silver ^^.  tons . 

Copi>er , do . . 

Copper  sulphate do. . 

Iron do.. 

Cobalt do.. 

Arsenic do.. 

Nickel do.. 


Mean  for  the  years— 


18«-70.     1871-*^ 


Valne  of  the 
prodact  of  mines 
and  works. 


Value  of  the  produota  of  mines  and  worke. 


Silver francs . 

Copper do.. 

Pyntes do  ., 

Iron do.. 

Cobalt do.. 

Chromimn do  . 

Nickel do  . 

Zinc  and  lead do  . 


Total do . 

Total  in  dollars 


Mean  for  the  years— 


1861-'66. 


720,000 
1, 170. 000 
380,000 
1,680,000 
110,000 
200,000 
140,000 


4,400,000 
880,000 


1866-70. 


780,000 

1,200,000 

1, 970. 000 

1, 010. 000 

60,000 


810,000 
150,000 


6,480,000 
1,006,000 


1871- 


760^ 
1.400» 
2,820^ 
890^ 
150- 
T^ 
2,0S(»« 
3(». 


7,60^, 
1,52«^ 


Kongsberg  sii-  A  Considerable  number  of  !Norwe?ian  mines  exhibited 
▼er  es.  Paris.  The  most  noted  of  them  all  is  Kongsberg,  so  fam^ 
for  its  enormous  masses  of  nativ^e  silver,  and  so  pecnl 
Discovery  in  from  the  fact  that  this  silver  contains  mercury.  The  Koi:b 
berg  mine  was  discovered  in  1623,  and  opened  the  next  yc? 
under  royal  auspices,  by  miners  from  Saxony.*  In  163-^ 
mass  of  native  silver  weighing  400  marks,  or  93.5  kilos,  ^^ 
discovered.  A  large  number  of  mines  were  opened  up,  ^ 
the  number  of  workmen  employed  rose  to  about  4,000.  n 
mines  were  worked  steadily  up  to  the  year  1805 ;  but  i 
having  paid  running  expenses  after  1770,  were  shut  da^ 

Frodnot  up  to  The  total  production  up  to  1805  was  561,150  kilos  of  ^ 

silver. 

Reopening  in  In  1815t  the  miucs  wcro  again  opened  by  the  Gk)vemin(^ 
of  the  United  Kingdom  of  Norway  and  Sweden,  but  up^ 
a  smaller  scale.  Only  four  mines  are  now  in  operation,  v9 
the  Armen  (Poor  Man's  Mine),  Kongens  (King's  Mine 
Oottes  Hiilfe  (God's  Help),  Has  Sachsen  (House  of  Saxony 
Of  these  the  first  is  the  deepest,  and  reaches  a  depth  c 
about  1,900  feet.    The  hoisting  in  these  mines  is  performe* 

*  Briickmann,  Magnolia  Dei.,  etc.,  p.  860. 

t  The  Catalogue  of  the  Norwegian  Exhibit,  from  which  most  of  this  ii 
formation  is  taken,  reads  1875,  a  misprint. 


1805. 
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water-power,  and  the  drainage  and  transportation  in      xqhway. 
/  by  tunnels.  Kongiborg  bu- 

•^  ver  mines. 

lie  ore  is  sorted  and  dressed  by  machinery.    The  native     Treatment  of 
T,  containing  87  to  90  per  cent,  of  the  metal,  is  refined  ^^^^'^ 

single  operation  in  a  refining  furnace,  which  brings 
►  to  0.998  or  0.999  fine.  The  other  concentrations  are 
ted  with  pyrites  and  rich  slags,  and  the  regulus  is  resil- 
:ed  by  lead,  which  is  refined. 

le  King's  Mine  (1,870  feet  deep)  has  been  the  most  pro-  ^f^^e  su^ST 
ive,  and  large  masses  of  native  silver  and  of  argentite 
often  found  there.    In  1832  a  single  mass  of  silver 
hing  500  kilos  (worth,  say,  $20,000)  was  found ;  and  in 
another  of  the  same  size  was  discovered. 

le  present  production  is  from  4,000  to  4,600  kilos  of  sil-      Present  pro- 
rearly,  besides  10  tons  of  co])per  derived  from  the  py- 
added  in  the  smelting  process. 

le  Kongsberg  mines  exhibited  interesting  specimens    Exhibit  of  the 
trating  the  ore  deposits,  the  ores  and  native  silver,  and  workingt. 
s  of  the  workings. 

arious  nickel  mines  also  exhibited.    The  metal  is  not   NiokeL 
fled  in  Norway,  but  reduced  to  an  alloy  of  nickel  and 
)er  and  other  foreign  substances,  and  exported  to  En- 
id or  Oermany  for  farther  manipulation. 


i 

I 

i 


vm. 

BMflnjM.  BELGIUM. 

THE  BBLaiAN  EXHIBIT. 

oroat  mineral     The  territory  of  Belgium  eomprises  about  11,372  8qa»  "re 
miles  and  contains  a  population  of  5,300,000  inhabitan 


Taking  into  account  its  limited  area,  it  is,  in  respect  to 

eral  wealth,  one  of  the  most  favored  countries  of  the  worlSLd. 

ena^TO^cti™^*  ^  fact,  it  may  be  said  that,  excepting  certain  metals,  p^are- 

cious  stones,  and  some  other  substances  of  but  little  r^3£kl 
use,  the  country  furnishes  all  the  materials  necessary  to 
satisfy  the  want^s  of  mankind.  The  extraction  of  these  s«::b.1> 
stances  is  facilitated  also  by  their  mode  of  occurrence  ix 
^voraWo  the  rocks  containing  them.    The  geology  of  the  countrj^  is 

tions.  highly  varied,  nearly  all  the  important  and  economicskUj 


valuable  formations  being  represented  among  the  rocks  o  ut- 
cropping  at  the  surface;  and  it  is  partly  to  this  circmixn* 
stance  that  the  great  diversity  of  industries  developed    in 
the  land  is  to  be  attributed. 
Coal,  iron,  lead.     Coal,  iron,  lead,  and  zinc  are  of  chief  importance  among 

principal  mineral  the  mineral  rcsourccs  of  Belgium;  but,  besides  these,  tliene 
is  a  great  variety  of  other  valuable  substances,  the  prcxi- 
ucts  of  the  earth,  such  as  materials  used  in  construction,  in 
agriculture,  in  the  arts  and  manufactures,  which  form  t:Xie 
basis  of  many  varied  and  extensive  branches  of  indusfeK:T' 
The  following  table,  which  Is  an  abridgment  of  one  i> ace- 
Comet  on  the  scutcd  by  M.  Comct,  in  his  paper  on  the  Mineral  Indust^ 

117%  Bei^m!'^  of  Belgium,  shows  the  different  useful  substances  occuitL  ^«ig 
in  Belgium,  grouped  according  to  the  geological  formats — ^^ 
in  which  they  are  found : 

rPeat. 
I'S^Sr' ^"^^^ formation \  Gi^T^vZ^^iA. 


and  their  yield. 


Voiron  ore. 


r  M^rialfl  for  bricks,  >  construction. 

Qnatemaiy ^  ^^^'^^  ^^^  ^^  ^^^J 

tiron  ore. 


Tertiary 
272 


Iron  ore.  ^^^-^nld- 

Sandstone  for  nibble,  dressed  stoue  for  bufr:^^^^^^-"  * 

inff,  pavements,  refractory  stones,  etc. 
Sands  (construction,  ballast,  molding,  gl 

manufacture,  and  other  uses). 
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iom. 


ifeioos. 


m.. 


ABLOIUM. 


'Clays  for  tilee,  drainage  pipes,  payements,  ^ 

bricks,  etc. 
Conoretionaiy   limeetonee  for   Boman    ce- 
ment. Formations  and 
Limestones  (dressed  stone  for  building).        ^^  jidd. 
.  Marls  for  ferti  iizers. 

'  Limestones  for  building. 

Phosphate  of  lime  (femlizer). 

Chalk  for  manufacture  of  lime,  carbonic  acid, 
etc. 

Bilex  for  pottery  and  road  metal. 

Marl. 

Fuller's- earth. 

Clays  for  sundry  usee. 

Sands. 
^Iron  ore. 

'  Limestones  for  sundry  usch. 

Iron  ores. 

Fertilizers. 
,  Sandstones. 

i  Marls. 
Hydraulic  limestones. 

Coal. 

Sandstones  for  yarious  uses. 

Schists  producing  alum. 

Silicious  sandstones  for  road  metal. 

Lead  ores. 
Iron  pyrites. 
Zinc  ores. 
^Barytes. 


I 


for  yarious  uses. 


Limestones  and 
Dolomites 
Sandstones. 
Iron  ores. 
Zinc  ores. 
Iron  pyrites. 
Barytes. 
Slates. 
Whetstones. 
Grinding  stones. 

Slates. 
Whetstones. 

Sandstones  for  yarious  uses. 
1  and  Cambriau . .  ^  Cut  stones  for  construction. 

Sands  and  minerals  used  in  pottery. 
Manganese. 
.Manganiferous  iron  ore. 

I — A  broad  and  deep  valley,  formed  by  a  depression  coat 
Carboniferous  limestone,  traverses  Belgium  from  the 
^est  to  the  northeast,  passing  by  Qui^vrain,  Mons. ,  '^^^  ^gion  ^r 
sroi,  Namur,  and  Li^ge.  The  rocks  of  this  valley  con- 
'  the  coal-bearing  formations,  and  along  its  line  from 
■ench  to  the  German  frontier  active  coal-mining  opera- 
ire  in  progress. 

depth  of  the  coal-bearing  strata,  considered  with  ref 
5  to  sea-level,  varies  very  much  at  different  points  »ta»ti. 

18  p  E VOL  4 


Depth  of 
the  coal-bearing 
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''^'"^-      along  the  line  of  the  valley,     (n  the  near  neighborhood  of 
Namur,  in  the  central  line  or  axis  of  the  basin,  the  lowei 
members  of  the  coal-bearing  formation  are  exposed  at  the 
surface  at  a  height  of  G50  feet  above  the  sea.    From  that- 
point  the  formation  is  inclined  both  to  the  east  and  the  west,^ 
reaching  its  greatest  dei)th  or  thickness  near  the  town  ol 
indination,  Mons  on  the  wcst  and  near  Li^ge  on  the  east.    Beneath  th^ 
neu  of  the  coal  town  of  Mons  the  depth  of  the  coal  basin  is  2,270  meters 
measures.  (7^445  feet)  bclow  sca-levcl.    At  Boussu,  a  little  farther 

west,  its  depth  is  probably  325  feet  greater ;  and,  as  the  alt3 

tude  of  that  locality  is  about  100  feet  above  the  sea,  a  ve^ 

tical  shaft  sunk  at  that  point  would  only  reach  the  lowe^ 

coal-bearing  rocks  at  the  great  depth  of  7,872  feet.    Ne^ 

Li^ge  the  thickness  of  the  coal-bearing  formation  is  al^. 

very  considerable,  and  probably  exceeds  4,600  feet. 

beSiughMivM^^     ^y^  reason  of  this  inclination  or  dip  of  the  coal  formatLo 

in  opposite  directions  to  the  east  and  the  west  from  t:lj 

neighborhood  of  !N'amur,  the  coal  fields,  considered  g^c< 

graphically,  are  divided  into  two  parts — the  basin  of  Li^g- 

at  the  east  and  the  basin  of  Hainaut  at  the  west.    The  la^ 

named,  which  is  the  more  important  for  the  production  oj 

coal,  includes  in  the  mining  district  of  Charleroi  that  pax- 

of  the  basin  which  is  situated  in  the  pi-ovince  of  Namur. 

Beiation  of    The  uumbcr  of  coal  seams  occurring  at  any  part  of  tim^ 

cool  "sSJms   to  coal  basin  is  generally  proportionate  to  the  thickness  of  tb^- 

the    carb^er-  Carbouiferous  formation  at  the  part  considered.    They  ai — 

oiw  fonnatioii.     accordingly  less  numerous  in  the  i)rovince  of  !Namur  an^ 

increase  in  number,  both  to  the  eastward  and  the  westwar^^ 
in  approaching  the  districts  of  Li^ge  or  Mons.  In  the  west:^ 
ern  basin,  where  the  coal  formation  has  ite  greatest  knowi^ 
thickness,  there  are  from  130  to  160  coal  seams,  of  whicb^ 
about  two- thirds  are  workable.  According  to  Andr6Du> 
mont  there  are  85  coal  seams  in  the  province  of  Li^ge. 
overiy£g°*'*Se  "^^  *^®  proviuccs  of  Li^gc  aud  Namur,  as  well  as  in  a  por<^ 
coal  measures,    tiou  of  the  provincc  of  Haiuaut,  the  coal  formation  is  cov^ 

ered  only  by  the  alluvial  formations  of  the  Meuse  aud  th^ 
Sambre  or  by  inconsiderable  thicknesses  of  the  Cretaceous^ 
Tertiary,  or  Quaternary  beds.  The  sinking  of  mining  shafts 
in  those  localities  is  consequently  attended  by  no  very  serfc 
.  IS^^lL?^  P^T  ous  diflBcullies.  West  of  Fontaine  PEv^ue,  in  the  districn^ 
ftSnj^  of  of  Hainaut,  the  deposits  overly  mg  the  coal  formation  attai  ^ 
a  constantly  increasing  thickness,  reaching  a  depth  of  1,0C^ 
to  1,300  feet  between  the  town  of  Mons  and  the  French 
frontier.  To  pass  through  these  formations,  which  conta.^^' 
inexhaustible  sources  of  water  and  quicksand,  some  of  t 
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most  important  and  extensive  works  known  in  tbe  records      prlohjil 
of  mining  industry  have  been  undertaken. 


The  rocks  of  the  Carboniferous  formation  most  intimately  ^  Jocks 

,     ted  with  the  ocmL 

^Lssociated  with  the  coal  are  schists  and  sandstones.  The 
former  are  the  prevailing  rocks.  Generally  the  coal  seam 
is  intercalated  between  two  strata  of  schist;  occasionally 
the  coal  is  overlaid  with  sandstone,  and  sometimes,  though 
rarely,  the  sandstone  forms  the  floor  on  which  the  coal  re- 
poses. The  relation  of  tbe  strata  to  each  other  is  usually 
as  follows : 

Schist 

Coal. 

Schist. 

Sandstone. 

In  general  the  coal  forms  less  than  a  one-thirtieth  P^-rtof^j^gj^^^j'^ 
the  whole  material  composing  the  formation.  ««ani»  to  that  of 

r-  o  lY^Q  whole  fozm»> 

The  thickness  of  the  coal  seams  varies  from  a  few  inches  tion. 
to  8  or  10  feet,  but  generally  the  workable  seams  are  from 
^  inches  to  4  feet  thick.    Those  less  than  15  inches  are      xhiokneai  ci 
seldom  if  ever  exploited.     The  workable  seams  are  rarely 
<^mpo8ed  ot  coal  unmixed  with  other  mateiial,  but  are  fre- 
Qnently  divided  by  thin  layers  of  carbonaceous  schist. 

^e  following  is  one  of  a  number  of  examples  represent- 
tag  a  vein  of  average  character : 

Inche& 

^^boilAceoQB  schUt 2         Example. 

^^oal 15.5 

^arbonaceons  schist 6 

^^•1 18.75 

^^Ist 2 


44.45 


The  length  of  the  Belgian  coal  basin,  measured  along  its    Length  of  Bei- 
.  Antral  axis,  from  the  French  to  the  German  frontier  is  i70«^"««i^»^ 
^lometers,  or  about  106  miles.     Its  width,  measuring  its 
^^poaure  at  the  surface  is  variable,  as  shown  by  sections    width. 
^  various  points  named  below : 

Hflea. 

'^^  the  west  of  Mods,  abont 8 

^t  the  meridian  of  Charleroi,  about 9| 

^*  the  meridian  of  Namnr,  aboat 2 

-^t  Hny,  about 2 

-^tSenUng,  about 5 

^Wof  Li^gc 11 

The  entire  area  of  the  surface  exposure  of  the  coal  for-    Area  of  work*- 
i&ation  of  real  economic  value  in  Belgium  is  estimated  at   ^ 
^  square  miles,  of  which  total  316  square  miles  are  in  the 
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Early 
ooal. 


use    of 


Li6};e.  1108. 


basin  of  Mods  and  216  square  miles  are  in  the  basi 
Li^ge. 

The  exploitation  of  coal  in  Belgium  commenced  at  a 
early  age.  Indeed,  notwithstanding  the  probability 
mineral  fuel  was  known  and  used  in  China  a  thousand  y 
before  Christ,  one  of  the  existing  legends  concerning 
liistory  of  coal  refers  its  first  discovery  to  the  neigb 
hood  of  Li^e,  in  the  year  1198,  by  a  smith  named  Hn 
from  whom  the  name  of  the  mineral  hauUle  was  deri 
The  coal-mining  industry  began  to  assume  importanc 
Belgium  in  the  last  century  and  has  since  then  been  all 
constantly  growing,  promoted  as  it  has  been  by  the  ut 
steam  power,  first  for  drainage  and  later  for  extractic 
coal. 
statistical  The  complete  statistical  data  concerning  the  coal  indu 
of  Belgium  go  back  only  to  the  year  1836.  At  that  time 
annual  production  of  the  country  already  exceeded  3,0(M 
tonnes.  The  annual  increase  since  that  period  appeal 
the  following  table,  which  shows  the  production  of  the 
eral  provinces  traversed  by  the  coal  basin,  together 
the  total  production  of  the  country.  From  1836  to 
the  production  of  coal  in  Belgium  was  multiplied  fivel 
111  the  last-named  year  it  reached  its  maximum.  Its  d 
nutioii  since  that  date  is  attributed  to  the  general  dep 
sion  of  all  industry,  not  only  in  Belgium  but  in  neighboi 
countries. 

Coal  indnstry  of  Belgium, 


dala    cnmiDonce 
ill  IKm. 


Table  of  jiio- 
diiction  of  coal: 
1836-1870. 


Years. 


(Continued.) 


1830 
1837 
1838 
1830 
1840 
1841 
1842 
1843 
1844 
1845 
1848 
1847 
1848 
1849 
1850 
1851 
1852 
1853 
1854 
1835 
1856 
1857 
1858 
1830 
1860 
1861 


Pnxlaction  of  coal  in  Belgium  in  the  prorinoee  of— 


Hainant. 


Tonne*. 

2, 340, 374 

2,469,605 

2.405,000 

2, 600.  Oil 

2, 951, 781 

2,068,876 

3, 060, 183 

2, 874, 453 

3,290,728 

8,670,486 

8,708,335 

4, 201. 631 

3,651,712 

4,018,105 

4,420,701 

4. 763, 186 

5,234,646 

6,482,771 

6, 154, 860 

6, 458, 416 

6, 210, 132 

6, 441, 182 

6.885,011 

7,090,326 

7, 507, 720 

7,035.645 


Namnr. 


Tonnet. 
07,174 
02,473 
103,054 
124,807 
125,054 
122,777 
134. 451 
140,008 
134,008 
161,872 
159,864 
158,807 
157,264 
160,688 
177, 306 
187,857 
182,678 
185,604 
200,000 
230,861 
218,600 
201,804 
217, 774 
220,850 
204,528 
243,061 


Li^ge. 


Tonnat. 

627.016 

606^729 

740,408 

755,753 

853,124 

035^864 

046,002 

060,865 

1,010,008 

1,086,045 

1,078,380 

1.303,005 

1,050,170 

1,063,453 

1,122.225 

1,202,000 

1,377,006 

1,603,276 

1,582.700 

1, 720. 068 

1,774,078 

1,740,016 

1.  So-2, 020 

1, 840, 626 

1, 808, 647 

1,878.487 


Liizem- 
bonrg. 


Tonnes. 


4 
261 
027 
758 
80«i 
753 
823 
707 
518 
507 
296 


T(A 


Ton 

3.2 
3,2 
3.4 
3.0 
4.0 
4.1 
3,0 
4,4 

^o 

5.C 
4,8 
5.2 
5,8 
«,2 
«.7 
7.1 
7,1 
8.4 
8.2 
8.3 
8.J 
ft.1 

9,e 

10,6 
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Coal  indiutry  of  Belgium — Continued. 


BRLOTUM. 


Tears. 

Prodootloii  of  ooftl  in  Belgiam  in  the  province  of— 

Total. 

HainMit. 

Kamor. 

Li^gtt. 

Luxem- 
bourg. 

UB2 

Tonn«t. 

7.70^170 

8,101.102 

8,670,872 

9,206,058 

9,851,424 

9,695,289 

9,898,550 

9,840  530 

10, 106. 530 

10,037,230 

11, 616. 166 

11,652,963 

10, 608. 130 

10,968,175 

10,486,660 

TonnsB. 
246,600 
255.667 
266^235 
305,734 
868,687 
889,586 
310.969 
803,638 
838.407 
860.380 
889,688 
460.870 
440,124 
491,365 
474, 975 

Tonnei. 

1,893.975 

1,908.561 

2.221.720 

2,328.011 

2. 564. 551 

2,770.956 

2. 689. 070 

2.798.726 

8. 162, 181 

8,345.537 

8,633,094 

3,674,578 

8,530,775 

8, 561, 791 

3,367,943 

Tonnet. 

Tonnsi. 
9,935.646 
10, 345, 330 
11. 158. 336 

U63 

UN 

U85 

11. 840. 708 

1866 

12, 774. 662 

1887 

12.755.822 
12.208.589 

1868 

186B 

12. 042. 894 

1870 

13. 007. 118 
13.  733. 176 

1871 

1872 

15. 658. 048 

1813  

15. 778. 401 

18M 

14,069.029 

1875 

15.  Oil.  331 

1876 

14, 329. 578 

Tftble  of  pn»- 
duction  of  coal: 
1836-1870  (from 
former  page.) 


Ymn. 


1836. 

1837. 

1838 

1838 

1840. 

1841. 

m 

1843. 

18U 

1845. 

1846. 

1847. 

1848. 

1849. 

18S0 

18Si 

18&2. 

18S3. 

1854. 

1856 

1850. 

18OT. 


no 

1880. 
1861. 
1888. 
1863. 
1804. 
1885. 
1868. 
1887. 


1860. 

m§. 

1871. 
187S. 
1873. 
IIM. 
1875. 
U11. 


Quantity  of  coal- 


's . 
§1 

t 


3,972,948 
4,013,052 
4.054,852 
4.002.557 
4. 113, 775 
4. 194, 093 
4,258,420 
4,290,816 
4,335,319 
4,846,014 
4.350.090 
4,398.016 
4,460,310 
4.400,113 
4. 502. 912 
4.548»507 
4.584.082 
4,629,461 
4,639.228 
4.590,217 
4,628,089 
4. 671, 187 
4.781,957 
4.782,256 
4,836,566 
4.883,021 
4,940,570 
4,964,451 
4,829,320 
4,897,992 
4,961,644 
6,021,836 
6,087,106 
6,113,680 
6,176,037 
5,215,823 
5,265.634 
6,308,217 
6,336,186 


H 


Tonnei. 

3,074,464 

3,228,807 

3, 200, 271 

8,479,161 

3.029.963 

4, 027. 767 

4.141,463 

3.082,274 

4.445.240 

4,910.156 

6.037,402 

5.004.450 

4.862,694 

6,251.843 

5,820,588 

6, 233, 617 

6.795,254 

7, 172,  C87 

7. 947, 742 

8,400,330 

8*212,409 

8.383.002 

8.025.714 

0.160,702 

0,010.895 

10. 057, 163 

9,035^645 

10,345.330 

11, 158, 836 

11.840.703 

12,774,662 

12,755,822 

12.298,689 

12, 042. 894 

18, 607. 118 

13.733,176 

16,668,948 

15,778,401 

14. 669. 029 

15^011.831 

14.829.578 


1 

a 


Tonnet. 

22.447 

28,415 

84.703 

28,863 

80,424 

28,962 

35,192 

80,866 

11,449 

9,848 

11.088 

9.930 

9,537 

10,969 

0.397 

9,908 

8,102 

12,845 

58.082 

68.578 

88.700 

140,069 

107.605 

110, 009 

97.000 

92.771 

78,817 

72,007 

68.224 

76.U44 

187.306 

461. 130 

247. 749 

23U.342 

236.250 

205. 838 

221.800 

683.373 

470. 614 

720,534 

826.131 


Tonnet. 
773.612 
789,083 
775,634 
743.569 
779.473 
1. 015. 104 
1,014.716 
1.086,821 
1,245.899 
1.543.472 
1.335.833 
1. 827, 106 
1, 460, 570 
1,664,973 
1, 987, 184 
2,057,050 
1,108,646 
2,331,595 
2,625,968 
2.974,849 
2, 866, 187 
2,877,012 
8,091,316 
3, 146. 235 
3.460,806 
3, 370. 409 
8. 200. 503 
3. 329, 507 
4,011,107 
4,404,488 
4,865,894 
4, 400, 304 
4,660,000 
4,606,946 
3,964,844 
4. 368, 287 
5, 630, 197 
5. 286, 190 
4.662,896 
4.985,227 
4, 632. 097 


Tonnet. 
2.323.290 
2.468,130 
2.510.440 
2. 701, 953 
3, 180. 014 
3,041,535 
3.101.039 
2.926,808 
3.211.200 
3.383.032 
3. 602, 637 
3,847,275 
3,411,681 
3,597.839 
3. 842, 801 
4.186.465 
4. 699. 810 
4,833,987 
5, 374. 860 
6.603.659 
5^434.991 
6.642.050 
5. 942, 003 
6, 123, 336 
6, 257. 598 
6. 770, 526 
6, 723, 867 
7, 088, 730 
7,215,368 
7,612,259 
8,096*074 
8, 816, 588 
7,887,838 
8.575.290 
9. 967. 524 
0,370,727 
10,250,631 
11, 173, 384 
10.476,647 
10, 766. 638 
10, 523, 612 


S-S 
<1 


Table  of  popu 
lation.  Extrac- 
tion, and  COD- 
Bumptiouofconl: 
1836-1870. 


Tonnet. 


0.634 
0.688 
0.784 
0.743 
0.763 
0.699 
0.754 
0.790 
0.832 
0.885 
0.783 
0.811 
0.830 
0.982 
1.043 
1.067 
1.172 
1.215 
1.197 
1.229 
L285 
1.311 
1.322 
1.415 
1.390 
1.448 
1.460 
1.505 
1.676 
1.800 
1.589 
1.707 
1.059 
1.871 
1.080 
2. 142 
1.089 
2.028 
1.972 
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"""'^^  According  to  the  secoud  of  the  foregoing  tables,  which 
consideratioxis  shows  for  a  series  of  ycars  the  population  of  Belgium,  the 
going  tables.  quantities  of  coal  produced,  imported,  exported,  and  con- 
sumed, and  the  amount  consumed  per  each*  inhabitant,  it 
appears  that  the  consumption  of  coal,  which  in  the  earlier 
years  considered  did  not  exceed  two  and  a  half  million  tonnes, 
or  about  600  kilos  (1,320  lbs.),  per  inhabitant,  increased  in 
thirty-six  years  to  more  than  eleven  million  tonnes,  or  4,712 
lbs.  per  inhabitant. 

If  the  coal  production  of  1873  (the  most  productive  year> 
had  been  furnished  in  equal  pr«»portious  from  all  parts  of  the 
surface  of  the  coal  basin,  each  hectare  (2.47  acres)  would 
^i©w  per  hec-  havc  yielded  115  tonnes  of  coal.    The  yield  per  hectare  is, 
of  course,  not  equal,  some  portions  yielding  much  more  than 
others.    In  one  of  the  concessions  (Bonne  Esp^rance)  near 
Gharleroi  each  hectare  of  coal  land  furnished,  on  the  aver- 
age from  2,500  to  3,000  tonnes  of  coal  annually. 

The  foregoing  tables  give  an  idea  of  the  extent  of  the 
coal-mining  industry  of  Belgium,  and  of  its  development 
during  past  years.    The  following  data  refer  to  the  year 
1876. 
statiaticB:  In  thatycar  180  companies  were  engaged  in  the  exploita- 

tion of  coal  in  Belgium,  employing  in  the  underground  and 
Laborers,  suifacc  works  togcthcr,  108,543  laborers  with  4,668  horses 
steam  power,  and  1,645  stcam  engines,  the  latter  classified  as  follows : 

Horse-power. 

335  engines  for  extraction,  with  39, 222 

3(55  engines  for  ventilation,  with 12, 312 

180  engines  for  drainage,  with 31, 828 

756  engines  for  sundry  use-s,  with 8, 669 

1,645  92,031 

With  the  exception  of  a  small  quantity  of  coal  produced 
in  the  mines  that  are  situated  above  the  level  of  the  valleys 
and  worked  by  adits,  the  coal  product  of  the  country  is 

Depthof shafts,  raised  from  vertical  shafts.  Many  of  these  do  not  exceed 
300  to  400  feet  in  depth,  while  some  attain  a  depth  of  2,500 
feet.  In  1875  there  were  322  shafts  in  operation  in  Belgium, 
having  an  average  depth  of  1,150  feet, 
oinon  ScSj  *"  ^^®  greater  part  of  these  shafts  are  furnished  with  guides, 
and  the  method  of  extraction  is  by  cages,  on  which  cars  are^ 
raised  from  the  levels  below  to  the  surface.  Most  of  thess^ 
hoisting  engines  are  non-condensing,  some  of  them  having 

styieof enginen.  500  horse-i)Ower  and  upwards.  For  pumi)ing,  condensing 
engines  are  generally,  but  not  always,  used.  Some  of  thes^ 
have  from  800  to  1,000  horse-power.     In  some  cases  th^ 
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panips  are  operated  by  means  of  a  balauce-bob  acting  upon      nmLGivu. 
the  i>ainp-rod,  but  in  more  instances  the  power  is  direct,    <'o&i 
the  x>istourod  of  the  engine  being  in  line  with  the  pump-rod 
and  connected  with  it. 

(Compressed  air  as  a  motive  power  for  machinery  employed  J^'*"*"'^"'* 
iii  mines  has  been  in  use  in  Belgium  since  1845,  and  its 
application  is  steadily  increasing  in  extent  and  in  variety  of 
uses, 

Iran. — ^The  ores  of  iron  worked  in  Belgium  are  hematite,    iron. 
Vmonite,  and  argillaceous  carbonate.     The  latter  occurs 
sometimes  in  small  quantities  with  the  limouite,  and  it  also      Character  of 

^  ,  '  ores. 

occurs  independently  in  deposits,  but  which  are  too  small 

to  permit  profitable  exploitation. 

Hematite  is  found  in  various  forms  and  in  very  different  Hematite, 
geological  i)ositions,  but  it  is  almost  altogether,  if  not  only, 
in  the  oolitic  form  of  deposit  that  it  is  worked  in  Belgium. 
In  this  condition  it  forms  important  deposits  in  the  quartzose 
whists  that  underlie  the  coal  measures  and  crop  out  on  both 
sides  of  the  valley  containing  the  coal  basin.  The  princi- 
pal mining  operations  are  on  the  north  side  of  the  valley, 
wUere,  in  the  neighborhood  of  Vedrin,  there  are  four  sepa-  Tbeorebedof 
rat©  strata,  having  the  dimensions  of  2^  inches,  4  inches,  8 
inches,  and  1 1^  inches,  forming  with  the  intercalated  schists 
i^  bed  of  nearly  4  ftet  in  thickness. 

At  Marchovelette  there  are  five  strata,  varying  in  width  MarchoteSSe,*'^ 
from  4  to  8  inches.    At  Ville-en- Waret  the  developments  viue-en-waret, 
have  shown  four  strata,  of  which  two  are  from  8  to  20  inches 
thick,  forming  with  the  interstratifled  schists  a  group  of 
^  to  24  feet.    At  Houssois,  near  Vezin,  at  a  point  where  Houwoia, 
the  outcrop  turns  abruptly  to  tue  southwest,  the  beds  of 
hematite  attain  a  thickness  of  about  7  feet.    The  bed  of 
hematite  is  traversed  at  several  points  by  veins  and  faults, 
'^t  the  contact  of  which  the  ore  and  the  inclosing  schists  are 
^ften  impregnated  by  pyrites,  galena,  and  other  substances 
^bich  impair  the  quality  of  the  iron  ore.    Along  the  out- 
^^p  on  the  south  side  of  the  valley  the  developments  are 
^tich  less  important  than  on  the   north.    The  principal 
^Drkings  on  the  south  are  near  Huy,  where  the  formation  »nd  Hay. 
Comprises  two  layers  of  hematite  having  a  thickness  of  lit- 
^^  less  than  lour  feet,  separated  by  a  bed  of  schist  of  about 
^^efoot 

The  average  yield  of  the  hematite  ores  is  from  35  to  40   Percentage  of 

Vv_  ^  ^    .  metal  in  the  hem- 

l^T  cent  of  metal.  atitc. 

The  limonite  ore  also  occurs  in  varied  forms  and  in  de-    Limoniteore. 
Posits  of  very  dilierent  geological  position.    In  recent  fonn- 
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»'^"^^-      ations  it  fonns  beds  6  inches  to  3  feet  or  more  in  thick- 
Iron.  ness,  reposing  npon  argillaceous  sands  in  the  depressions  of 

the  surface,  and  mainly  along  the  borders  of  the  rivers  De- 
Limoniteore.  mer,  the  twoNcthes,  aud  tljcir  afBucnts.    The  ore  from  these 
deposits  is  concretionary  and  poroos,  containing  aboat  40 
per  cent,  of  iron.    It  has  mnch  phosphoms,  but  is  easily  re- 
duced. 
Quaternary  u-     In  the  Quaternary  formation  a  silidous  limonite  is  worked 
n^t.  '  near  Qn6vy,  in  the  district  of  Hainaut,  which,  mixed  with 

argillaceous  sand,  forms  a  bed  varying  in  thickness  from  3 
to  5  feet,  resting  in  a  depression  of  the  Tertiary  sandstone. 
The  ore  contains  phosphorus. 
Superficial  de-     The  isolated  and  superficial  deposits  of  iron  ore  occurring 
gow  ^  o    uxem-  .^  ^^^  proviucc  of  Luxcmbourg,  and  notably  at  lluette, 

Athus,  Toenich,  etc.,  also  belong  to  the  Quaternary  forma- 
tion, resting  upon  the  Jurassic,  the  ore  deposits  having  ap- 
parently resulted  from  the  disintegration  of  Jurassic  rocks 
in  the  Quaternary  age.  It  contains  about  30  to  45  per  cent 
of  metal. 
The  inin  ores     The  JuHtssic  formation  which  forms  the  surface  of  the 

of  the  Jnraulo 

formation.         southcm  part  of  the  Belgian  province  of  Luxembourg  and 

of  the  grand  duchy  of  the  same  name,  and  of  the  northern 
portion  of  Lorraine,  is  also  exceedingly  rich  in  iron  ore,  and 
furnishes  a  large  quantity  to  the  Belgian  iron  industry. 
The  ore  from  this  source  is  known  by  the  name  of  minettej 
and  is  an  oolitic  limonite  consisting  of  fine  grains  (from  one- 
third  to  one-sixth  of  a  millimeter  in  diameter).  The  ore 
occurs  in  deposits,  which  are  very  extensive  in  the  localities 
just  named,  but  of  limited  extent  in  Belgium,  forming  beds 
near  the  French  frontier  about  5  to  6  feet  thick.  The  ore 
contains  30  to  45  per  cent,  of  iron.  The  gangue  consists 
chiefly  of  carbonate  of  lime,  silica,  and  a  little  gypsum,  and 
is  very  fusible. 


The  limonite     The  primary  rocks  of  Belgium,  comprised  between  th< 

depoaite  inclosed  '  *^  ^  ,^.  .« 

In  the  primary  lowcr  Guartzose  schists  and  the  coal  formation,  inclose  many^" 

important  deposits  of  limonite,  which,  up  to  the  presenttf 
time,  furnish  the  greater  x)ortion  of  the  ore  consumed  in  th^= 
Belgian  iron  industry.  These  ores  always  occur  iu  masse^s 
or  veins — ^never  in  stratified  form.  The  deposits  are  oftei^= 
of  large  dimensions. 
Table  of  pro-     The  followiug  table  shows  the  productiou,  importation,  au^K^ 

» uc  on,e  .       oxx)ortation  of  iron  ores  in  Belgium  during  a  series  of 


The  notable  decline  in  the  production  in  late  years  finds  i' 
explanation  in  the  fact  that  the  Belgian  furnaces  are  co^ki  - 
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stantly  drawing  their  sapplies  of  ore  (minette)  more  and 
more  from  the  Orand  Dachy  of  Laxemboorg : 


DKiOIUM. 


Iron. 


1850 

1880 

186S 

1887 

1888 

18n 

1870 

1871 

vsn 

1873 
1874 

ms 

1876 


Iron  ores. 


Pxodaoed. 


TowiMff. 
887,880 
808^178 

1,018,231 
803,820 
610.740 
828,048 
864,832 
807.272 
740,781 
603,606 
627,060 
886v044 
200,200 


Imported.    Exported. 


Table  of  pro- 
dnotlon,  importa- 
tion, indexiK>rta- 
tionofironoree: 
1850-1876. 


TofUMt. 


1,480 
801,848 
822,881 
808^282 
661,000 
688,671 
604^406 
700,608 
730,641 
738,  e36 
804,370 
871,134 


IbiMMt. 


163,114 
280,688 
152.227 
138,067 
164,678 
170.867 
102,688 
178,007 
216,042 
100,144 
141,767 
160,418 


Of  the  entire  quantity  of  iron  ores  imported  in  1876, 1876,  ^^^^  ^  *"• 
and  1877  aboat  three-fourths  were  brought  from  the  Orand 
Oachy  of  Luxembourg ;  the  remainder  mainly  from  Prussia, 
Prance,  Netherlands,  Spain,  and  Algeria.    The  iron  ores   Destination  of 
esrported  in  same  years  were  sent  mainly  (over  90  per  cent.)  ^^^^^'^ 
to    France;  nearly  all  the  remainder  to  Pnissia  and  the 
N'^therlands. 

The  following  table  shows  the  amount  of  pig-iron  P'^*  ^ ''^S'*  i2LK?; 
^^iced  in,  imported  into,  and  exported  firom  Belgium  during  tion,a5ie™irt»- 

^    S^Anoa  f\€  xrattya  •  1840-187? 


series  of  years : 


PiK-inm. 


Produced. 


Imported.  I  Exported. 


144,452 
310,043 
470,707 
423,000 
435,754 
534,318 
505,234 
600,230 
65^605 
607,873 
632,700 
640,473 
490,608 


725 

24,804 

63,885 

42,540 

61,800 

82,330 

84,298 

187,008 

146,212 

158,201 

140^880 

207,204 


10,438 
02,845 
22,080 
10, 711 
11,002 
16,525 
14,206 
10, 178 
48,620 
49,008 
'^,208 
10,188 
15,072 
9,479 


41 
61 
56 


48 
49 
52 
64 
66 
42 
81 


The  iron  industry  of  Belgium  is  very  ancient.    In  the   The  iron  indue- 
^*iine  of  the  Bomans  the  inhabitants  of  the  Belgian  prov-  in  the  ^soman 
^ces  were  noted  for  their  skill  and  industry,  and  were  well  ^ 
^-cqnainted  with  the  arts  of  the  production  and  manufacture 
^  the  metals.    The  ruins  of  two  furnaces  of  that  period 
^ere  discovered  a  few  years  ago  at  Lustin,  between  Namur 
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BBLOIUM. 


Iron. 

Iron  industry 
in  the  l2Ui  cen- 
tury. 

In  the  16th  oen- 
tury. 

ImproTements 
about  1800. 


SocT6t6  John 
CockerUl. 


Statistics. 


Lead. 
CUlena. 


Mode  of  its  oc 
currence. 


Associates  of 
the  galena. 


Mine  nt  Bley- 
borg. 


Zinc. 
Calamine. 


Blende. 


and  Denant,  which  threw  loach  light  upon  the  methods  of 
producing  iron  then  in  use.  In  the  twelfth  century  the  iron 
industry  had  already  attained  a  high  degree  of  excellence 
in  the  Netherlands ;  and  in  1560  there  were  in  that  country 
not  less  than  35  melting  furnaces  and  85  forging  establish- 
ments. About  the  year  1800  great  improvements  were  in- 
troduced in  the  form  of  furnaces,  increasing  their  height 
from  15  to  25  feet,  and  greatly  enlarging  their  productive 
capacity. 

The  largest  iron  and  steel  establishment  in  Belgium  is 
that  of  the  SocUU  John  CocJcerillj  at  Seraing,  founded  in 
1817.  It  employs  8,750  workmen,  aided  by  259  steam-eu- 
gines  of  6,600  horse-power.  Its  daily  consumption  of  fuel 
exceeds  1,000  tonnes,  and  its  annual  production  has  a  value 
of  about  32,680,000  fr.,  or  about  $6,500,000. 

LeadandZinc. — The  principal  ore  of  lead  mined  in  Belgium 
is  galena.  It  occurs  only  in  the  older  formations,  where  it 
is  found  in  veins  or  in  masses,  and  either  alone  or  associated 
with  zinc  blende  and  pyrites.  The  gangue  of  the  veins  is 
generally  a  carbonate  of  lime,  barite,  and  quartz,  with  clay 
and  with  limonite ;  in  the  masses  the  gangue  is  commonly  a 
dark  clay. 

In  some  places  the  galena  is  often  accompanied  with  other 
lead  minerals,  such  as  cerusite  (the  carbonate),  which  is  quite 
frequent,  and  pyromorphite  (the  phosphate),  which  is  com- 
paratively rare. 

Galena  occurs  in  numerous  veins  in  a  number  of  places, 
many  of  them  too  unimportant  for  exploitation.  The  prin- 
cipal lead-mining  operations  of  Belgium  are  in  progress  in 
the  celebrated  vein  at  Bleyberg,  near  Moresnet — the  only 
vein  in  the  country  which,  after  having  traversed  the  Car- 
boniferous limestone,  penetrates  the  coal  formation.  At 
the  line  of  contact  it  forms  very  considerable  masses,  which, 
however,  are  worked  with  great  difficulty,  on  account  of  the 
enormous  quantity  of  water  there,  involving  the  necessity' 
of  very  expensive  machinery  for  its  removal. 

The  zinc  ore  most  important  in  the  production  of  that 
metal  in  Belgium  is  commonly  known  as  calamine.  It  is 
a  combination  of  different  oxides  of  zinc,  in  which  the  car- 
bonate, smithsouite,  predominates.  Calamine,  properly  so 
called,  that  is,  the  hydrous  silicate,  is  comparatively  rare,  as 
also  is  tbe  anhydrous  silicate,  willemite.  Zinc  blende  forms 
also  a  considerable  item  in  the  production  of  the  mines^  but 
its  treatment  being  comparatively  difficult  it  is  less  sought 
for  than  the  other  ores  of  zinc.  In  Belgium  the  ores  of 
zinc,  like  those  of  lead,  are  found  only  in  the  older  forma- 
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tious,  chiefly  the  Devonian  and  tbe  Carboniferous  limestone,      bbloium. 
occurring  in  veins  and  masses,  associated  with  galena  and    ziu^. 
pyrites-    The  localities  are  numerous,  but  the  most  impor-  of^Ci'SS^n£j*^t 
tant  are  in  the  eastern  portion  of  the  province  of  Lifege.  The  '^'"®  **"* 
ore  there  is  calamine,  generally  associated  with  blende  and 
galena.    The  ore  bodies  occur  as  masses  of  very  considera 
ble  dimensions  and  in  various  geological  positions,  but  gen- 
erally at  the  contact  of  the  Carboniferous  limestone  and  the 
iM)al  formations.    The  o.i*es  of  these  masses,  which  are  some- 
liinos  hundreds  of  meters  in  length  and  breadth,  have  a 
gangue  of  clay  and  sometimes  limonitc,  which  is  worked  for 
irou  ore. 

In  1876,  in  Belgium,  the  lead  product  was  6,963  tonnes,  and  ^^^^""*<*^*®**** 
the  ziuc  product  (crude  metal)  was  49,960  tonnes. 

B  LE  TBERG-  ES-MONTZBN.  Bley  bei^  mineii. 

The  Bleyberg  vein  is  situated  in  the  GarlK)niferous  lime 

^toixid  aud  in  the  Coal  Measures,  the  latter  of  which  overlie 

tlie  former.    The  hssure  i>enetrates  both  and  has  a  general    character  •m 

«trike  northwest  and  southeast,  forming  an  angle  of  57^  with 

the  meridian  and  115°  with  the  lines  of  stratification.     It 

J^i^s  been  recognized  for  a  distance  of  five  kilometers  in  the 

^oal  Measures  and  of  above  two  kilometers  in  the  limestone. 

^t;  either  stands  vertically  or  dips  at  an  angle  of  IkP  or  8(P, 

sometimes  to  the  east  and  sometimes  to  the  west.    No  fault 

^^  ero8$*course  has  been  met  with,  but  it  is  believed  that  a 

<^liauge  of  direction  toward  tin*  north  may  be  the  result  of 

'^»^ch  a  phenomenon. 

The  fissure  is  partly  filled  with  fragments  of  the  country    Cont45iit«of tlm 
^ock.    In  some  places  these  fragments  are  entirely  sur-  **""^* 
^^uuded  with  ore.    In  others,  where  the  adjacent  rock  is  of 
'•^  readily  decomposable  character,  the  debris  has  been  so 
closely  packed  as  nearly  or  quite  to  exclude  tlie  deposition 
of  ore. 

The  ores  are  essentially  galena  and  zinc  blende,  and  of       oaiena  and 
tt^e  the  zinc  idende  appears  to  have  been  deposited  before    onieV  «f  depo- 
^^0 galena;  for  while  masses  and  layers  of  zinc  blende  are* 
f<>uud  free  from  galena,  the  masses  of  galena  are  nivariably 
^Ued  with  zinc  blende.    Small  quantities  of  copper,  anti-     oocarrvnce  of 
'Douy,  and  silver  minerals  are  also  met  with.    Wherever  the  **'*'®*"  "**'*"*"• 
interstices  between  the  fragments  of  wall  rock  were  of  any 
^120,  the  ore  exhibits  the  ordinary  banded  structure. 

Subsequently  to  the  deposition  of  tbe  ore,  calcite  quartz  Theory  m  to 
'Jnd  iron  pyrites  have  crystallized  out  from  solution,  and  now  ^  »^*"*»  **»  ^*'*» 
form  a  portion  of  the  vein  matter. 
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pgLonjM-  Many  phenomena  make  it  evident  that  subsequently  to 

Bieyberg  mines,  the  filling  of  the  veins  the  fissure  ha^  reopened  and  closed 
again.    This  action  has  resulted  in  slickensides^  the  disturb- 
ance of  the  original  deposits  of  ore,  and  the  fracture  of  th& 
mineral  crystals, 
widthofmetai-     The  mctalliferous  portion  of  the  vein  has  a  total  width  of 

bferoas    portion  '^ 

of  the  vein.        90  ccntimetcrs ;  m  those  portions  of  the  vein  which  are 

densely  filled  withd6bris,  and  in  which  the  walls  have  given 

way  extensively,  the  width  is  much  greater. 

tbiumestoneamd     ^^  difference  is  perceptible  in  the  mineral  filling  of  the 

the  ooai  meas-vein  betwecu  those  portions  which  traverse  the  limestone 

moil.  * 

and  those  in  which  the  walls  belong  to  the  Coal  Measures. 
At  one  point  in  the  limestone  a  cave  500  meters  long  and  70 
meters  wide  and  about  the  same  depth  adjoins  the  vein  on 

dSoJito?^™^^*  the  hanging  wall.  Large  quantities  of  ore  of  banded  struct- 
ure have  been  deposited  ux)on  the  sides  of  this  cave,  but 
the  greater  portion  has  been  dislodged  by  violent  earthquake 
shocks,  and  has  rolled  down  in  fragments  into  the  fissure. 
Enough  is  left  in  place,  however,  to  show  the  origin  of  what 
has  been  dislodged. 

,,  ,^^«°*^^^^«     At  the  contact  between  the  limestone  and  the  Coc*l  Meas- 

Deadeu  maas  or 

galena.  uTcs,  and  adjoining  the  vein,  a  remarkable  bedded  mass  ex* 

ists.  It  is  supposed  that  at  this  point  there  was  a  valley, 
where  a  sort  of  lake  was  formed,  which  was  fed  for  a  long 
time  from  springs  highly  charged  with  plumbiferous  matter. 

Themy  as  to  The  rcsult  was  the  formation  of  a  large  mass  of  galena  with- 
depoait  out  partings  and  reposing  solidly  upon  the  underlying  rocks, 

and  was  not  broken  up  by  the  force  which  i*eopeued  the  fis- 
sure.   This  deposit  is  only  some  40  meters  from  the  present 

The  oTeriying  suiface ;  it  is  covcrcd  with  materials  originating  in  the  Coal 
Measures,  with  various  clays,  and  with  Tertiary  strata,  which 
are  horizontal  and  lie  unconformingly  on  the  limestones  and 
coal  measures. 

Immense  flow     There  is  Said  to  be  no  mine  where  the  flow  of  water  is  8o 

of  water  into  the 

Bieyberg  mine,    great  as  at  Bleybcrg.    The  average  quantity  is  33  cubic  me- 
ters per  minute,  but  the  amount  occasionally  rises  to  the 
enormous  figure  of  45  cubic  meters  (nearly  1,600  cubic  feet, 
or  12,000  gallons)  after  heavy  rains  or  when  the  snow  is 
Quantity  meltlug.    The  quantity  pumped  from  a  depth  of  182  meters 

pnmped.  ^^  ^^^^  ^^^  somc  ycars  past  18,000,000  cubic  meters.    This 

Cause  of  the  tremcudous  flow  of  water  is  due  to  the  geological  conforma- 

wi^.       ^  ^  tion  of  the  surrounding  country.    The  mine  lies  between 

two  ridges  in  a  synclinal,  in  such  a  way  as  to  receive  the 
drainage  of  a  large  area.  The  basin  is,  indeed,  in  part 
drained  by  the  river  Gueule  and  its  tributary  brooks,  but 
wherever  these  streams  pass  over  porous  or  broken  ground. 
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^water  £rom  them,  too,  percolates  into  the  mine,  and  in  sach      ""^"^^ 
quantities  that  it  has  been  necessary  to  convert  the  beds  of  Bieybergmint-. 
the  streams  into  canals  by  covering  them  with  day  held  in 
place  by  stone  flags.    Four  thousand  meters  of  the  river  the  G^i«  *^°  *^ 
Gueule  and  12,000  meters  of  its  tributaries  have  been  thus 
treated,  together  16  kilometers,  or  about  10  miles. 

The  force  employed  in  pumping  amounts  to  3,300  horse-  gi^J^"™^*"^  ®°* 
power,  and  the  annual  cost  is  500,000  fr.    A  water-wheel  of  Annual  cost 
12  meters  in  diameter  and  2.68  meters  in  width,  which  drives      waterwheei 

'  sapeneded      by 

pumps  of  60  centimeters  in  diameter  and  1.50  meters  stroke,  co™i»*»^  ^^ 

%  '  and  that  by  ro- 

was,  up  to  1847y  the  principal  engine  used  in  pumping,  and  tary    compound 
still  develops  a  force  equal  to  90  horse-power.  Cornish  steam-  gSe.      * 
pumping  engines  were  introduced  in  1847,  and  in  1867  the 
company  had  the  credit  of  ordering,  and  the  John  Gockerill 
Company  of  building,  the  first  powerful  rotary  engine  em- 
ployed in  pumping.    This  machine  is  a  direct-acting  com- 
pound condensing  engine  of  640  horse-power ;  the  fly-wheel 
^tli  its  shaft  weighs  52  tons,  and  the  pistons  have,  respect- 
ively, diameters  of  1.63  meters  with  a  stroke  of  1.25  meters, 
anil  of  2  meters  with  a  stroke  of  2.60  meters.    The  pumps 
o^  this  engine  are  force-pumps  of  65  centimeters  in  diameter 
*^cl2.50meters stroke.    Theircapacityis8401itersper stroke,    capacity.. 
T*ti.e  engine  makes  10  revolutions  per  minute,  and  is  supplied 
^'^th  steam  from  8  Oomisb  boilers,  with  two  fires  each.    This 
^^>*st  application  on  a  large  scale  of  rotary  pumping-engines 
^i^s  b^n  widely  imitated.    During  six  years  of  constant  use 
^o  accident  has  happened  to  the  machine,  and  it  has  con- 
^^med  an  exceptionally  small  amount  of  fuel.    The  coal,  by    Duty. 
^^<itual  experiment,  is  only  1.25  kilos  per  horse-power.  Thanks 
^o  the  good  machinery,  the  mine  has  not  been  shut  down  for 
^iiiustant  for  more  than  20  years. 

The  main  difficulty  in  mining,  beyond  that  caused  by    PJ?®J4l  *^f'' 
"^ater,  arises  from  the  want  of  cohesion  of  the  ore  in  the  large  ^• 
^^  bodies.    These  are  extracted  by  cross-cuttings,  while 
^  the  veins  the  method  is  by  overhand  stoping.    There  are 
^^merous  shafts  for  hoisting  and  ventilation,  furnished  with 
^Jigines  of  firom  8  to  12  horse-power.    In  spite  of  the  great 
danger  caused  by  the  enormous  quantity  of  water  and  the 
^oose  character  of  the  ground,  accidents  are  of  very  rare    Rarity  of  aoci- 
^currence,  and  the  number  of  miners  killed  amounts  to  one  *° 
^^  700  each  3^ear. 

There  is  a  large  ore  dressing  establishment  attached  to    oredpeasing. 
^Q  mines,  employing  a  force  amounting  to  45  horse-power 
*^d  using  800  cubic  meters  of  water  per  hour.    The  ma- 
^ery  consists  of  jigs,  x>ercussion  tables,  etc.,  as  is  usual 
^^  Works  of  this  class,  and  the  capacity  is  180  tons  of  un-    capacity. 
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"»"*»^'«-      dressed  ore  iu  ten  hours.  The  ore  as  it  comes  from  the  miues 
contains  18  per  cent,  of  valuable  matter.    The  zinc  ore  is 

va?*'"to"Seore'^^^^^^^  ^^  ^^  ^  tcuor  of  45  per  cent.,  the  galena  to  80  per 

cent.,  and  the  cerusite  and  the   pyromorphite  to  65  per 

cent. 

Puniaces.  The  Blcybcrg  Company  treats  most  of  its  own  ores.    The 

zinc  furnaces  are  of  the  Belgian  type,  and  the  lead  furnaces 

those  known  in  mining  literature  as  "  Bleyberg  furnace^.'' 

DcsUverization.  The  loss  of  fumc  amouuts  to  almost  nothing,  and  there  is  no 

lead  colic  among  the  men.    The  lead  is  desilveiized  in  tLe 

works  (process  not  stated),  and  the  market  lead  produced 

is  of  great  purity.    The  Bleyberg  Company  is  said  to  have 

Chemically  been  the  first  to  guarantee  the  almost  chemical  purity  of  its 

pure  ea  .         leads,  and  to  sell  on  the  basis  of  analysis  made  by  both 

seller  and  buyer.    Hundreds  of  these  analyses  might  be 

shown  in  proof  of  the  excellence  of  the  products.    The  fdr- 

Uiice  lead  carries  only  some  eight  dollars  per  ton  in  silver. 

Production     Siucc  thc  Organization  of  the  company  in  1853  up  to  the 

year  1878  the  works  have  produced  59,940  tonnes  6f  lead 

and  29,934  tonnes  of  zinc.    Over  $4,000,000  have  been  dis- 

DividenUa.      tributcd  in  dividcuds — about  four  times  the  original  capitaL 

workmena'     The  advantages  and  inducements  to  workmen  to  remain 

benefita.  ^ 

in  the  employment  of  the  companj'  usual  in  Euroi)e  are 
given  at  Bleyberg,  and  in  1867  the  company  received  honor- 
able mention  at  the  Paris  Exposition  for  their  care  of  the 
welfare  of  the  miners. 

Vielle-Mon-  THE  VIELLEMONTAGNB. 

tagno  liining  Co. 

The  Vielle-Montagne  Mining  Company  is  probably*  the^ 

most  famous  association  of  the  kind  in  Europe.    It  derives 

immenae  ex-  its  importanO/C  uot  ouly  from  the  extent  of  its  operations^ 

t«ntaudwideuia-  «,  •.  V,  ,,.-,  ,. 

tnbution  of  ita  but  ffom  the  uumbcr  of  est>ablishments  counted  among  \Xm 
propc  108.         property,  and  their  wide  geographical  distribution.     Th»^ 

following  is  a  list  of  the  works  of  the  company : 

In  Belgium.  BELGIUM. 

Welkenraedt. — Mine  of  calamiui ,  zinc  blende,  and  lead;  ore-drefliii 
works ;  calcining  furnaces. 

Anglcur. — Zinc  foundry  and  rolling  mill. 

Tilff  (near  Li^ge).  -Rolling  milU. 

St.  Leonard  (at  Li^ge). — Zinc  furnaces. 

Valentin'Cocq  (station,  Jemappe). — Zinc  fumaecs,  zinc-white  wor^H 
and  colliery. 

FlSne  (station,  Hermalle). — Zinc  and  lead  mhies,  blende-roasting  H^ 
naces,  and  zinc  furnaces. 

BaldaZ'Lalore  (station,  Fl^nialle). — Collieries  and  coking  fumace^^ 

Moresnet, — Mines  of  calamine,  ore-dreanng  works,  calcining  foma^s^ 
and  zinc  furnaces. 
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OBRMAKY.  BKLQIUM. 

Borbeck  (near  Esseu).— Zinc  foundry.  Dtotrijution 

Oberkauarm, — Rolling  mill ;  blende-roasting  fumac«f8.  Yi(£e-M^tagne 

Bensherg. — Lead  and  zinc-blende  mines  and  ore-dressing  works.  ^'"- 

Vckerath  (Siegen  district).— Mine  of  zinc  blende,  lead,  and  copper,  and     ^°  Geni»wr. 

oie-dressing  works. 
Mayen  (near  Coblenz). — Mines  of  zinc  blende,  lead  and  copper,  and 

ore-dressing  works. 
Winloch  (near  Manheim). — Mine  of  calamine ;  ore-dressing  works. 

PRANCE.  In  Franco. 

Agniem  (near  Paris). — Zinc-white  works. 
I^ray  (Ense). — Rolling  mills. 
JSainte  Marie  (Oise). — Rolling  mills. 
J>roUtecourt  (Oise). — Rolling  mills. 
Wiviez  (Aveypon). — Furnace. 
.Fmndiot  (Aveyron). — Rolling  mills. 

SWEDEN.  In  Sweden. 

.^^mmeberg  (near  Askersnnd). — Mines  of  zinc,  copper,  and  cobalt,  ore- 
dsr^»«ing  works,  and  blende-roasting  furnaces. 

ALGERIA.  In  Al)$eria. 

-Bammam  and  Jin-Safra  (province  of  Constautiue). — Calamine  mines. 

SARDINIA.  In  Hurdinia. 

Various  calamine  mines,  owned  wholly  or  in  part  by  the  company, 
^■»    the  district  of  Igl^ias. 

'^e  compauy  has,  besides,  nuinerons  agencies  in  varioas 
^^^untries  for  the  porcliase  of  ores  and  for  the  sale  of  prod- 

The  establisbments  above  enumerated  contain  179  «n- borBe-power**  ©r 
I    ^^  representing  a  collective  power  eqnal  to  aboat  4,450  «>?*»<»• 
^'^ie-power — English. 
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7he  following  data  as  to  the  employes  of  the  company      bblgiuh. 

the  year  1877  may  be  of  interest :  vieneMon- 

tAgne  Mining  Co. 

rage  nambcr  of  workmen  employed 7, 121        Statistics  of 

aber  of  persons  dependent  on  their  wages 14, 481  JJSf^*"'  ^***'*' 

ftl  number  of  persons  nopported  by  wages  paid  by  the 

>inpany 21,602 

:iilar  wages  paid  for  the  year $1,318,830 

oninms  paid  for  extra  good  work $118, 877 

al  amount  paid  to  hands $1,437,707 

iil)er  of  days' work  done 2,290,699 

tn  salary  per  head  per  day $0.63 

ks  will  be  seen  from  the  foregoing  table,  a  considerable  |>eneflt8*^'^™*^°* 
n  is  yearly  expended  in  the  enconragement  of  excellence 
\Forkmanship  and  of  faithfulness  in  discharge  of  duty 
the  part  of  the  men. 

The  wages  paid  are  low,  but  the  men  enjoy  a  number  of  j^^    w^kmena* 
tllities  not  off'ered  by  American  mining  companies.    The  foSJ^*^^^"!^ 
npany  provides  quarters,  commonly  cottages  with  gar-^^^^^**®^- 
a«  attached,  at  very  low  rates,  and  encourages  the  pur- 
ase  of  these  houses  on  a  very  favorable  installment  plan, 
also  contributes  largely  to  hospital  insurance  funds,  to 
a  support  of  schools  and  of  churches,  and  even  aids  in 
^  support  of  various  clubs,  musical  societies,  etc.    In 
Dit,  a  systematic  effort  is  made  to  attach  men  perma- 
ntly  to  the  service  of  the  company. 

^ie  on  the  deposit  of  zinc  ore  and  the  smelting  works  at  Mores-    Morcanct. 

net. 

The  deposit  of  calamine  of  Altenberg  or  Kelmisberg  be-    Deposits  of  cai- 
iging  to  the  Vielle-Montagne  lies  in  the  lower  part  of  the  **^°in^i^r^ 
tiestone  strata  of  the  Carboniferous  formation.    This  lirae- 
3ne  is  for  the  most  part  converted  into  dolomite.    It  occu-    Geological  oc- 
esthe  extremity  of  a  zone  which  simulates  a  basin  raised  ®""*°*^' 
^vard  the  surface  on  one  side  and  buried  on  the  other. 
t  the  place  where  the  metalliferous  dex>osit  occurs  it 
aches  a  width  of  600  meters.    This  basin  of  dolomite  and 
"e  is  in  its  turn  inclosed  in  soft  dry  Devonian  schist,  which 
SOS  on  both  sides  of  the  basin.    A  bed  of  quartzose  dolo- 
it(\,  carrj  ing  large  quantities  of  water,  separates  the  two 
Kiks.    This  bounds  the  dolomite  formation  and  the  whole 
^Posit  with  remarkable  regularity'. 

'Hiis  ore,  which  is  composed,  toward  the  surface,  princi-    Dcpo«itof  rich 
%  of  carbonatA3  of  zinc  of  great  purity  and  richness,  and  IZ\  ^°^  ''''^^'^' 
^thout  a  trace  of  leail  or  zinc  blende,  has  filled  the  basin 
^Q8  raised  on  one  side  nearly  full,  and  crops  out  on  the 
''"^  to  a  very  cou^derable  extent. 
19  p  E VOL  4 
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DEI.GIUM.  Tiie  formation  of  Kelmisberg,  which  is  entirely  sorroiUK 

vieiie-Mon- by  dolomite,  does  not  anywhere  come  in  contact  with  ot 

tapie  Mining  Co.     *^  '  •^ 

rocks,  and  must  be  considered  as  resulting  from  tlie  slow 
Keiinis™?**""  *^^^ra^2(ai  change  of  the  inclosing  roch  into  ore  by  an  excham^ 

ba^es.  It  cannot  possibly  be  considered  as  a  deposit  of 
ondary  origin,  such  as  many  of  the  contact  deposits  of 
country  unquestionably  are. 

This  remarkable  deposit  was  most  largely  develo 
towards  the  surface ;  its  length  may  have  reached  450 
ters,  and  its  breadth  from  100  to  150  meters. 
Theory  of  the     xhc  wholc  of  the  hoUow  formcd  bv  the  basin  at  the 

mode  of  deposit.  *■ 

face  appears  to  have  been  filled  with  ore,  or  with  rock 
pregnated  with  metalliferous  salts.  The  most  highly  i 
centrated  and  most  remarkable  portion  of  this  groun 
situated  at  the  northern  extremity  of  the  basin,  an< 
almost  entirely  separated  by  a  projecting  point  of  doloc 
from  what  is  known  as  the  southern  body.  Toward 
southwest  the  deposit  is  continuous,  but  is  hidden  uc 
the  dolomitic  rocks.  It  has  been 'followed  to  the  consi« 
able  depth  of  110  metei-b,  and  it  is  between  this  level  ai 
depth  of  75  meters  that  the  actual  workings  are  being  ( 
rie<l  on.  The  filling,  that  is  lo  ^ay,  the  metalliferous  8 
stance,  appears  to  have  been  very  difterent  at  the  surf 
Change  in  the  from  what  it  is  iu  depth.    While  at  the  surface  the  ore  \ 

character  of  the  *^ 

ore    at    lower  nearly  pure  carbonate,  lower  down  it  was  mixed  with 

depths.  '  ' 

drated  silicate,  which  gradually  increased  until  at  a  cert 
depth  it  came  to  form  the  larger  portion  of  the  ore.  j 
hydrous  silicate,  willemite,  so  characteristic  of  the  Kek 
berg  deposit,  has  always  been  found  in  large  masses,  € 
hundred  cubic  meters  or  more,  scattered  without  any  i 
in  the  mass  of  the  other  ores,  and  completely  surround 
by  them. 
•FiMt  workings  The  first  shafts  are  said  to  have  been  sunk  in  the  no] 
to^he  loth  cen-  ^^^  Jeposit,  iu  the  fifteenth  or  sixteenth  century.     With 

any  knowledge  of  the  metal  which  the  ore  contained, 
T?ee  by  hrnss-  brass  fouudcrs  at  Aix-la-Chapclle  and  its  neighborhood  u 

.itianders  ol    the  ,  .      .  ,  -r^  .  .  , 

.crude ore.  the  mineral  in  its  crude  state.    From  ancient  times  and 

Abb6  Dony's  to  the  beginning  of  the  nineteenth  century,  when  the  A 

'  '"^  '  Dony  constructed  the  first  furnace  for  the  reduction  of  s 

(ISOG),  the  amount  of  ore  taken  from  the  deposit  at  its  ci 

pings  was  inconsiderable.    The  work  done  after  the  bcj 

ning  of  this  century  was  no  doubt  more  thorough,  bu 

Regular  pro- was. not  uutil  1846  that  regular  or  serious  operations  \v 

oeedings  in  1846.  ,  *=*  *^ 

begun. 
.Yield  of  1855.       In  the  year  1855  the  yield  was  probably  the  grea 
which,  had  ever  been  taken  from  a  metalliferous  mine  of  ^ 
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description.    It  reaches  the  figure  of  137,000  tons  of  ore  as      bklqium. 
it  came  from  the  mine,  or  50,900  tons  of  concentrated  ore ;       vieiie-Mon- 
the  Dorthem  deposit  was  the  ore  principally  worked  by      ®        * 
former  generations,  bat  it  yielded  a  large  amount  of  ore  as  ^,^^*^J5^^^^^® 
an  open  cast  between  1846  and  1856,  when  the  bottom  of  *<>i®^ 
the  basin  was  struck  at  from  twenty-five  to  thirty  meters 
below  the  surface.    It  is  estimated  that  in  all  no  less  than 
1,500,000  tons  were  thus  removed  up  to  1856. 

From  the  year  1856  on,  the  workincrs  have  been  entirely        Subsequent 

vield  of  tlio  work" 

underground,  and  have  embraced  both  the  north  and  south  bgs. 

ore  bodies.    The  whole  quantity  of  ore  extracted  from  these 

deposits  is  known  to  amount  to  at  least  200,000,000  tons, 

representing  about  a  million  and  a  half  tons  of  first-class 

tenor  and  quality.    The  ore-di'essing  works  were  built  in    ore  droasere. 

1850,  and  since  that  time  have  been  brought  to  the  highest 

state  of  perfection,  and  are  almost  altogether  automatic ; 

200  tons  of  material  can  here  be  treated  in  ten  hours,  and    Capacity. 

yield  above  80  tons  of  concentrations.     For  some  years 

past  the  ores  from  the  ancient  waste-dumps  and  those  from 

the  newer  workings  have  been  separately  treated. 

The  smelting  works  handle  only  the  ores  from  this  local-  smeitmgwork». 
%.  These  are  for  the  most  part  very  refractory,  being 
Diixtures  of  silicate  and  carbonate,  and  are  often  at  the  same 
time  very  fusible,  from  the  presence  of  double  silicates  of 
^nae  and  alumina.  These  two  circumstances  make  reduc- 
tion very  difficult,  for  it  can  only  take  place  at  very  high 
temperatures,  which  are  accompanied  by  the  formation  of 
^l^g  and  consequent  losses. 

The  furnaces  employed  are  on  the  Belgian  system,  and   Fumacei. 
^^itain  130  tubular  retorts  each. 

The  works  possess  four  blocks  of  furnaces  charging  2,400    Capacity, 
kilos  of  ore,  reaching  an  average  production  of  850  kilos  of 
^etal,  with  a  consumption  of  3,300  kilos  of  coal  per  24 
liours,  of  which  20  per  cent,  is  lean  coal  and  the  rest  bitu- 
ttiinous. 

It  is  at  the  works  of  Moresnet  exclusively  that  the  almost 
^^hemically  pure  zinc  is  produced  which  is  employed  in 
inaking  blanc  de  neige  and  for  art-castings. 


AUSTBIA-HUH- 
OABT. 


AUSTEIAHUNGAEY. 


THE  AUSTEO-HTJNGAEIAN  EXHIBIT. 


infomation'  D?     "^^^  following"  oatllne  of  the  present  condition  of    'tibe 
H.F.Brachem.    mining  indostrj  of  the  empire  is  made  up  of  material 

sented  in  the  official  catalogae  of  the  Austrian  exhibit 

gathered  by  Dr.  H.  F.  Brachelli. 
Greag  TOtety     Tho  AustTO-HuDgarian  Empire  is  exceedingly  rich  in 
pirv-  and  technically  valuable  minerals,  and  is  not  surpassecl  Idj 

any  other  state  in  Europe  in  respect  to  their  variety.        A 

greater  development  of  the  mining  industry  of  the  count" jy 

is,  however,  most  desirable. 
The  number  of  persons  employed  in  this  branch  of  ind 

try  and  the  results  for  1875  were  as  follows : 


Table  of  work- 
men and  product ; 
1875. 


Austria. 


WOBKMSN. 

At  the  mines number 

At  smelting  works   do . 

At  the  salt  works do. 

Total 

TALUK  OF  PBODUCT. 

Mines florins 

Smelting  works do. 

Salt  works do . 

Total 


83,581 

10,438 

8,805 

lOJ,  824 

42, 800, 000 
25,200,000 
20,600,000 

88,000,000 


Hungary. 


1 


42,391 
1.192 


44,383 


19, 700, 000 
10, 200, 000 


29,900,000 


The  emj^ 


13<U    -*!• 
1(U    '^ 


87,700„ 
30,800, 


^)00 

^300 


118,500, 


-to 


ai 


^M'^odvaiue     Thcsc  valucs  appear  to  be  givea  in  paper  florins,  whi 

fluctuate  slightly  in  value.    From  the  value  of  the  siU^^'^ 
product  mentioned  in  Dr.  Brachelli's  essay  I  have  calc^^' 
lated  that  the  florin,  a^  used  by  him,  is  equivalent 
$0.4435,  while  the  value  of  the  silver  florin  is  $0.4878. 

dom^*^  ^o?"*the     ^^  mineral  deposits  of  technical  value  are  property 

the  crown,  and  prospecting  and  exploitation  can  only 
undertaken  with  the  permission  of  the  mining  authoriti^^^' 
whose  duty  it  is  to  see  that  all  mining  operations  are  carri^^ 
out  according  to  law.    A  large  proportion  of  the  most  v"*'' 
uable  mines  in  the  empire  are  owned  and  worked  by  iJ^^ 
state. 
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The  principal  results  of  the  mineral  industry  in  1876  were    ^^^^;"^^' 
follows : 


OABY. 


Mineral  produce  of  Auetria-Hungary  in  ld76. 


Goia kflos.. 

Silver do... 

QwlfCttiflver do  .. 

Iron tons*.. 

Traeootl do... 

Bro-wncoal do  .. 

S^lt do  .. 

Copper do . . . 

LeM  and  liUiarge do. . . 

Zino do... 

Tin do  .. 

Q  raphite do... 

Petcoleiim do  .. 


AuBtria. 

Hungary. 

14 

1,800 

25,106 

22,784 

876,400 

23,100 

278,046 

127,870 

4.034,835 

686,001 

6,033,882 

884,180 

240,465 

120, 115 

442 

1.025 

7,629 

2,410 

3,070 

567 

207 
12,717 

1,064 

1,067 

Mineral  pro- 
dacto  of  the  Em- 
pire in  1676. 


The  empire. 


1,004 

47,050 

808,500 

400,4^ 

6,571,826 

7,817,521 

360,580 

1,467 

0,048 

4.546 

207 

12, 717 

3,081 


Silver. 
Qaicksilver. 

Iron. 


*  Of  1,000  kiloe  or  2,205  lbs. 

Besides  these  a  number  of  others  might  be  enumerated, 
such  as  ores  of  cobalt,  nickel,  manganese,  arsenic,  bismuth, 
antimony,  and  uranium,  and  some  others. 

A  few  words  on  the  distribution  of  the  valuable  minerals        occurrence 
niay  be  a  not  unwelcome  addition  to  the  table.  meSJff "*^*  *"** 

Oold  is  found  in  notable  quantities  only  in  Hungary  and   Gk>id. 
'I^i^uisylvania,  Silver  in  the  same  countries  and  in  Bohemia; 
Quicksilver  almost  exclusively  at  Idria  in  Camiola,  but  de- 
Posits  occur  in  Garinthia,  and  a  small  quantity  is  obtained 
Y^  Hungary  from  tetrahedrite.    Iron  is  found  and  smelted 
^  almost  every  province  of  the  empire,  but  Styria  leads  in 
^Us  branch,  and  produces  over  a  quarter  of  the  whole. 
^^^,  both  true  and  brown  or  (in  part)  lignite,  is  found  in  ^^^  «"<*  i^k- 
'^ge  quantities  in  the  northern  portion  of  the  empire,  in 
^hernia,  Moravia,  Austrian  Silesia,  and  Galicia.     Hun- 
S^^  also  produces  some  coal,  but  tlie  southern  provinces 
*^  badly  off  for  fossil  fuel.    Salt  is  found  in  enormous  and    Sait. 
^Contaminated  deposits  in  tlie  Carpathian  Mountains  and 
^  also  won  by  solution  in  great  quantities  in  Salzburg, 
^^opper  is  found  chiefly  in  Salzburg ;  Lead  in  Bohemia,  at   Copper:  lead. 
-^^bram,  while  in  Carinthia>,  Villach  is  a  famous  lead-pro- 
^^cing  locality.     Zinc:  Western  Galicia,  Garinthia,  and    zinc. 
^^niola  produce  zinc,  and  the  Tyrol  must  now  be  added, 
^  will  appear  in  this  report.    Tin  is  obtained  only  at  one    Tin. 
^^^  two  spots  in  Bohemia  (Ziiinwald,  etc.).     Oraphite  comes    Graphite. 
Mostly  from  Bohemia,  but  is  likewise  obtained  in  Moravia 
^^id  Southern  Austria.    Petroleum  is  found  in  Galicia,  as 
^Q  also  the  paraffin  minerals,  but  not  nearly  in  sufficient 
Quantities  to  supply  native  consumers. 

Mining  has  been  dull  of  late  years  in  the  empire,  except 
iu  the  collieries,  which  have  increased  their  output  largely. 


Petroleum. 
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▲U8TBIA-HUX- 
OABT. 


Cool. 


owing  chiefly  to  the  large  exportation  of  brown  coal,  wb 
is  however  partially  balanced  by  a  large  importation,  mog 
of  Prussian  coal. 

Coal, — The  development  and  extent  of  the  coal  prod 
tion  of  Austria-Hungary  may  be  seen  from  the  follow 
table,  in  tonnes :  • 


Output  of  coal : 
1860-1876. 


Yean. 


1860 
1865 
1870 
1871 
1872 
1873 
1874 
1875 
1870 


True  coal. 


1, 048. 189 
2,836.884 
4,295,776 
4, 069, 980 
4,788,455 
5, 171. 189 
6,096,659 
6,186,234 
6,664,331 


Brown  coal.  I   Toti 


1,548,306 
2,232,419 
4, 060, 160 
6,078,058 
6, 767, 612 
6,732,884 
7, 183. 098 
7,666.812 
7,798,255 


8.49 
5.0G 
8,36 
10,04 
10, 5& 
11,90 
12,27 
12,8jt 
13.36 


Relative  great- 
er increase  of  lig- 
nite pnxlaction. 


Coal  fields  lim- 
ited, 


but  of  good  qunl- 
ity. 


Localities  of 
tlie  coal. 


The  lignite  de- 
posits. 


The  lignite 
tields  of  tho  £rz- 
gebirgc ; 


and  elsewhere. 


*  Kohie  und  EUen,  by  J.  Pechar. 

It  is  a  remarkable  fact,  and  one  of  great  importance 
Austria,  that,  as  may  be  seen  firom  the  figures,  the  incre 
in  the  product  of  lignite  is  much  more  rapid  than  that 
true  coal.  This  is  a  consequence  of  the  rapid  increase 
the  production  of  the  lignite  fields  of  the  Erzgebirge,  wh 
yield  brown  coal  of  a  peculiarly  good  qualit3\  Austria, 
be  sure,  has  no  true-coal  fields  to  be  compared  with  thos< 
England  or  Westphalia.  On  the  contrary,  the  coal  fields 
of  small  extent,  with  the  exception  of  that  of  Klad 
Schlan-Eakonitz,  and  are,  moreover,  frequently  of  sud 
character  as  to  be  worked  only  with  difficulty ;  the  qua 
of  the  coal,  however,  is  for  the  most  part  excellent,  et 
cially  for  coking. 

The  Austrian  true-coal  fields  lie  for  the  most  part  oo 
east  and  west  line,  beginning  at  Pilzen,  on  the  Bavai 
frontier,  and  reaching  to  Oalicia,  on  the  Russian  fronti 
there  is,  however,  also  coal  in  the  east  and  southeast 
Hungjiry,  in  the  Fuenf  kirchen  and  Styerdorf  basins. 

The  lignite  deposits  of  Austria  are  inexhaustible  a 
easily  worked.  This  fuel  is  not  alone  excellent  for  hooi 
hold  use,  but  answers  the  purpose  of  many  branches  of  : 
dustry,  for  raising  steam,  etc.  It  has  even  been  used  in  ir 
blast  furnaces. 

The  most  important  lignite  or  brown-coal  fields  exte: 
along  the  southern  slope  of  the  Erzgebirge.  The  oi 
put  from  this  district  is  greater  than  that  from  any  other 
Austria,  and  was  4,800,000  tonnes  in  1876.  Other  less  c 
tensive  brown  coal  districts  lie  between  the  spurs  of  t 
Alps,  especially  upon  their  eastern  slope  in  Steyermark  a. 
Camiola;  finally,  there  are  deposits  of  brown  coal  in  Hi 
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.  gary  and  Transylvania.    That  of  the  Zillthal  is  said  to  be 
.  particularly  promising.    The  following  shows  the  relations 
of  the  Austro-Hnngarian  coal  trade : 


AU8TniA*HUN- 
OABT. 


laso 

1885 

wo. 
im. 
im. 

1873. 
1874. 
1875. 
1878. 


ImporttttioiL 


IbniMf. 

240,128 

880,488 

027,119 

1,888,974 

1,587,800 

1,785,268 

1,827,855 

1,627,942 

1,574,575 


BzportatioiL 


Tonnet. 

279,675 

885^662 

925,196 

1,046,501 

1,167,401 

1, 681, 029 

2, 160, 812 

2, 703, 237 

2,734,862 


Table  of  impor- 

BumptioQ  of  coaL 


Tonne*. 

8,456,948 

5,050,129 

8,357,865 

10,865,511 

10,876,466 

12,008,310 

11,746,800 

11,776,761 

12,202,299 


Thii^  table  requires  some  comment.    While  in  the  tables   Explanation  of 

the  terms    "im- 

repre^entrng  the  coal  trade  of  most  European  states  <^im- imitation "   uid 
portataon"  means  importation  firom  England,  this  is  not  the  ^^^^ 
case  ^ith  Austria.    The  political  boundaries  between  G^er- 
many  and  Austria  pass  through  the  coad  region  of  Central 
Europe.    Silesia,  in  Prussia,  and  Galicia  and  Moravia,  in 
Austria,  form,  properly  speaking,  one  true-coal  field,  and 
the  brown-coal  regions  of  Bohemia  are  more  or  less  contin- 
uous with  those  of  Saxony.    Accordingly,  there  has  been  a  the  mutnai  traf- 
^v%  trade  in  both  species  of  mineral  fuel  across  the  Ger-  aiaand  Bohemia. 
Daau  line  ever  since  the  railroad  communication  between  the 
countries  was  established.    The  importation  of  coal  in  the 
table  represents  almost  exclusively  Silesian  coals,  and  the 
^portation  Bohemian  brown  coal  carried  to  Germany. 

The  following  table  shows  the  purposes  for  which  coal  ^jji^gj^ J2s 
^as  consumed  in  1875,  so  far  as  it  has  been  possible  to  ascer-  oonmimedini875. 
tain  them  : 

Percent. 

^ways 15.5 

^▼er  boats ' 2.0 

^ufecturing 55.0 

Houaehold  and  trade  consomption 27.5 

The  number  of  persons  employed  in  the  coal  mines  of  workmen  em- 

A         .  *      t/  ployed  in  Anstri- 

^^stria  (excluding  Hungary)  in  the  year  1876  was  as  follows :  an  coai  mines  in 

1876. 


Men. 

Women. 

Children. 

TotiO. 

Jjoftooal 

82,968 
24,238 

2,680             735 

36,883 

'^'^wnooel 

1,780 

262 

26,270 

Total  

57,206 

4,400 

987 

62,658 
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AU8TRIA-HUK.       xho  iiuuiber  of  steam-eDgines  in  use  iu  the  coal  mines  of 
Austria,  again  excluding  Hungary,  in  1876  was  as  follows: 

steam-engines 
in  use  in  Austri- 
an coal  mines  in 
1876. 


Hoisting. 

187 
229 

Pumping. 

Huisting 

and 
pumping. 

Total. 

Tme-coal  mines 

175 
198 

37 
48 

399 

Brown-coal  mines 

475 

Total 

416 

373 

85 

874 

mintag*Schibi°t8^  Several  of  the  Austrian  mines  made  instructive  exhibits 
illustrating  the  geological  occurrence  of  deposits  and  the 
methods  of  mining  and  smelting  the  ores. 

In  addition,  an  excellent  account  of  the  exhibiting  mines 
was  prepared  for  the  occasion,  and  sold  at  a  merely  nominal- 
Report  on  aus- price.    This  pamphlet  is  entitled  Notice  sur  quelque-unes  de^^ 

trian  mines  ox-  mt        mt  j.       j. 

hibiung  in  Paris,  i^rinctpa^  mtnes  de  VStat  Autrichien^  and  it  is  believed  that= 
the  purposes  of  this  report  will  best  be  served  by  translatins 
litendly  the  greater  portion  of  this  authorative  and  well- 
digested  description,  with  occasional  omissions  or  abbre— 

viations. 
Pribram.  Ftibram. 


Its  position.        The  towu  and  miucs  of  Pribram  are  51  kilometers  souUm. 
east  of  Prague,  upon  a  table-land  some  500  to  (>00  meters 
above  sea-level,  which  is  crossed  by  low  ranges  of  hill^. 

ffistory.  It  is  not  kuowii  when  mining  began  at  Pribram.     Corm- 

cessions  to  reox)en  the  mines  were  granted  in  1527,  since 
which  time  they  have  been  worked  more  or  less  actively. 
But  it  was  not  until  the  greater  part  of  the  mines  became 
state  property,  at  the  end  of  the  eighteenth  century,  that  the 
era  of  their  real  prosperity  began. 

GUioiogicai  oc     The  mctalliferous  deposits  of  Pribram  are  veins  which  oc- 

miirence  of  the  ...        ,  ,,         „.,        c^.t      .         „  ..  /.-r^, 

metalliferous  de-  CUT  lu  the  lowcT  bcds  of  the  Silunau  tormatiou  of  Bohe- 
^"*  *'  mia,  the  "  ^tage  A  "  of  M.  de  Barrande.    The  rocks  are  princi- 

pally sandstone,  quartzites,  conglomerates,  and  schists, 
bounded  to  the  east  and  west  by  granite  and  a  thin  stratmn 
of  primary  slates  of  M.  de  Barrande's  ^^  Stage  BJ"  These  lat- 
ter rest  conformably  upon  the  older  slates.  Next  come  the 
sandstones  of  the  Grauwacke,  which  in  their  turn  are  cov- 
ered by  Grauwaeke  slates  of  a  mean  thickness  of  1,000  me- 
ters. Above  the  Grauwacke  lie  the  sandstone  and  quartz- 
ite  forming  the  extreme  limit  ot  the  metalliferous  dex)osit8. 
All  these  beds  have  a  strike  of  firom  G(P  to  75o.  Between  the 
sandstone  and  the  higher  Silurian  strata  to  the  west  of  Pri- 
bram and  of  the  Birkeuberg  occurs  a  fault  of  great  lengths 


Pribnun. 
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and  of  some  centimeters  in  thickness,  which  is  filled  with    austwa-huii- 
dark  gray  clay.    The  strike  of  this  fault  is  very  constant — 
N.  S€o  E.     Its  dip  is  75©  N. 

^nmeroos  metalliferoas  veins  and  dikes  of  diorite  crosK 
thd  lower  Silurian  strata.  Most  of  the  veins  show  gossans 
at  t^tie  croppings,  and  are  filled  with  argentiferous  galena 
only  at  the  depth  of  100  meters  and  more.  The  thickness  ^*Jjj^«>^^««j- 
of  tJie  veins  now  being  worked  varies  irom  a  few  centime- 
ters to  six  meters  and  over.  Besides  galena,  the  veins  con- 
tsdxi  black-jack  or  zinc-blende — ^poor  in  silver — ^iron  spar,  and 
often  calcite,  ruby  silver,  and  tetrahedrite,  while  argentite 
£uid.  native  silver  are  rarely  found.  The  galena  occurs  in 
striugers,  or  in  veins,  or  in  lenticular  masses,  or  dissem- 
inated in  the  compact  and  quartzose  gangue.  Many  veins 
have  been  explored  for  a  long  distance,  both  in  the  strike 
^nd  dip,  without  showing  any  decrease  in  richness  or  sensi- 
ble variation  in  the  gangue ;  on  the  contrary,  it  may  be  af- 
^i*med  that  the  thickness  and  the  contents  in  silver  increase 
^th  the  depth. 

^most  all  the  veins  now  being  worked  appear  in  the  cbancter  of 
^x^uwacke,  many  of  them  pinching  and  growing  poorer  to- 
^^rds  the  surface,  as  they  enter  the  more  tenacious  strata 
^^  this  formation,  while  the  contents  of  other  veins  are  en- 
^^^hed  in  the  upper  portions  in  spots,  or  in  the  line  where 
^hey  enter  the  Grauwacke.  Some  of  the  veins  cross  the 
^'^^It  above  mentioned,  and  have  been  recognized  at  a  great 
***^tance  in  the  schists  on  the  other  side  of  the  fault. 

Inhere  are  nineteen  shafts  at  Pribram,  which  are  connected  xhe  workings. 
^^  Various  levels.  The  deepest  is  at  Adalbert,  which  has 
^^^^ched  the  depth  of  1,020.1  meters  and  has  thirty  levels. 
^^  is  the  deepest  perpendicular  shaft  in  the  world.  At  the 
**hoDsand-meter  lev61  a  station  for  magnetic  observations  is 
^tablished.  The  underground  workings  also  communicate 
^th  one  another  through  the  great  drainage-tunne]  *' Joseph  a^^:^L^'*^°' 
f  Ij"  which  is  21,906  meters  long.  All  the  water  of  the.mines 
^  raised  to  the  level  of  this  tunnel,  which  is  445  meters 
^tH)ve  sea-level.  The  total  length  of  thegalleries  is  245,089 
kilometers. 

The  exploitation  is  efi^ected  through  the  shafts  and  galle-    Exploitation. 

^^  which  latter  are  driven  at  vertical  distances  of  from  60 

^  70  meters,  and  from  a  system  of  levels.    The  sinking  of 

^^e  shafts  goes  on  constantly,  and  powder  or  dynamite  are 

^^iedin  the  operation  in  conjunction  with  machine  drills. 

^y  this  method  of  exploration  thirty-five  veins  have  been 

discovered,  of  which  the  Adalbert  is  the  principal,  not  only    Tho  Adalbert 

^  its  regularity  and  permauence  in  strike  and  dip,  but  in 
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AU8TBIA.HUN-   the  grade  of  its  ores.    Finally,  several  isolated  aggrega- 
—— tions  and  feeders  mnning  into  the  waUs  of  the  veins  have 

Pribram.  " 

been  found,  and  most  of  them  are  workable. 

Mode  of  work-     The  ore  is  almost  always  extracted  by  overhand  stoping, 

^'  exceptionally  by  underhand  stoping.     The  country  rock 

being  for  the  most  part  strong,  there  is  scarcely  any  timlier- 

ing  in  the  galleries.    When  a  drift  cuts  through  weak  strata, 

it  is  temporarily  timbered,  and  subsequently  walled. 

The  haulage  is  performed  in  ^^  Hungarian  dogs"  (small, 

Mining  cars,    thrcc-wheeled  buggies)  and  cars  running  on  rails,  of  wldch 
there  are  37,125  meters  laid  in  the  mine.    For  some  years 
past  the  haulage  has  been  effected  at  the  Adalbert  Mine  by 
horses,  one  animal  drawing  from  4  to  6  cars,  each  contain- 
ing about  900  kilos  of  ore. 

compresAedair     In  the  Underground  workings  of  a  certain  depth  hoistin 


engines.  eugiucs  are  employed,  which  are  run  by  compressed  air  fronx 

a  compressor  above  ground,  and  at  a  distance  of  about  1,000 
meters. 

Hoistingcages.  lu  the  large  shafts  the  hoisting  is  effected  on  cages  by  cast- 
steel  wire  ropes,  made  on  the  premises.  For  the  deeper 
shafts  the  rope  is  tapered  toward  the  lower  end.  The  mo- 
tors are  almost  altogether  steam-engines.    The  miners  go 

Manenginea.    dowu  aud  comc  up  either  on  cages  or  man-engines,  rarely 
on  ladders. 
Annual  pro-     The  auuual  production  is — 

duct  ion.  Tona. 

Ore  reqniring  sorting 4,000 

Ore  requiring  crashing 60, 000 

Ore  requiring  dressing 145, 000 

Mixed  ores 1,000 

Sorting.  The  first  hand-picking  is  done  underground.    The  high- 

grade  ore  is  hoisted  separately  to  grass,  where  it  is  resorted 
and  passed  on  to  the  smelting  works ;  3,000  tons  of  smelting 
ore  are  thus  obtained,  with  a  mean  contents  of  65  per  cent 
lead  and  0.45  per  cent,  silver. 
Dressing.  The  mcchanical  dressing  (stamping,  crushing,  settling, 

classification,  and  separation  by  water)  takes  place  in  four 
large  mills,  distributed  so  as  to  reduced  transportation  to  a  « 
minimum. 
Breakera.     Thcsc  mills  are  ftiruished  with  rock-breakers,  stamps,  set — 
tank?*'  "*"   ^  tling  tanks,  and  a  very  complete  array  of  ore-dressing  m 

chiiiery.    The  writer  of  this  report  noticed  in  visiting  th- 
Percnaaion  works  that  lateral  and  terminal  percussion  tables  and  co 

tabiea  and  Jigs.       . 

tinuous  Jigs  were  the  machines  most  employed  in  the  fi 


concentration.    The  favorite  material  for  the  lateral  i)erci 
sion  tables  (Bittinger's  Stossherd)  seemed  to  be  cast  iroja^ 
planed  smooth.    California  stamp-batteries  were  introduce 
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sorxsetime  siiice^  but  ^ere  abandoned  again  for  the  old  style   ^"^^y"'™- 

"013  account  of  the  rapid  wear  of  the  cams."    This  is  an 

ex^^^^enence  not  readily  accounted  for  by  those  who  are   Pribram. 
fa33ailiar  with  these  batteries  on  the  Pacific  slope. 

*Xlie  water  for  the  concentrating  mills  is  furnished  by  four    Concentrating 
la:r^e  reservoirs,  with  a  total  capacity  of  2,250,000  cubic 
la^t^rs.    The  annual  product  of  these  mills  is — 

Tons. 

Sno-dting  ore 5, 800 

Bl€5Xide 600 

Si>£kthic  iron  ore 90 

The  fixed  steam-engines  supplying  mines  and  mills  with    steam-engines, 
povrer  number  34,  with  an  aggregate  of  1,579  horsepower, 
besides  water-power  equivalent  to  274  horse-power,  and  a 
number  of  steam  pumps,  hammers,  portable  engines,  etc. 

The  smelting  works  are  provided  with  all  the  apparatus  Smeitingworks. 
necessary  to  work  up  the  products  of  the  mines,  of  which 
the  Notice  gives  only  a  list. 

The  method  of  smelting  is  what  is  known  as  the  ^^Gom- .        Roasting 

___  itimaces 

^6ra  process''  in  Germany;  i.  e.,  the  galena  is  roasted  in 

^ge  reverberatory  furnaces  in  which  the  ore  is  gradually 

nioved  towards  the  fire.     In  front  of  the  fire-bridge  it  is 

belted  down  in  order  to  decompose  lead  sulphate  by  silicic 

^icly  and  get  the  roasted  product  as  a  slagged  mass,  which 

^  broken  into  lumps.    The  ore  so  prepared  is  smelted  in  Smelting 

^igh  furnaces  of  the  Pilz  type,  only  a  trace  of  regulus  being  **™**^' 

^^und  in  addition  to  the  lead.    The  latter  is  desilverized  nesUvenzation. 

*iicl  the  argentiferous  lead  refined.    This  process  is  appli- 

^^ble  in  Pribram  on  account  of  the  freedom  of  the  ores  from 

^Pper. 

The  workmen  employed  in  the  mine  number  3,500,  in  the    workmen  em- 
^J^-dressiug  works  1,000,  and  in  the  smelting  works  400.     -^^^ 

The  Pribram  Mine  has  a  mutual  insurance  fund  which  workmen's 
P^vides  pensions  for  workmen  no  longer  able  to  earn  their  tutions. 
^vixjg  and  for  widows  and  orphans.  Medical  treatment 
^^d  medicine,  and  iu  some  cases  assistance  and  money,  are 
^Ibo  ftimished  out  of  the  fund,  which  amounts  to  370,321 
^orins,  or,  say,  half  as  many  dollars.  It  is  controlled  by  a 
^oamittee  elected  by  the  workmen.  Its  revenue  consists  in 
^^wbacks  from  wages  and  payments  made  by  the  works, 
^hich  amount  to  one-half  those  made  by  the  men. 

The  Notice  gives  the  production  of  Pribram  for  100  years,  duo""^"**"*^"^ 

1^8  will  serve  the  present  purpose.    The  product  is  rapidly 

increasing,  and  there  has  been  a  net  profit  every  year  since 

1818 
The  exhibit  made  by  Pribram  included  sections  of  views,  jji^it.^^^'*™  ®^* 

samples  of  ores  of  difierent  grades,  products  of  ore-dressing 
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^^^!2*rt""^'  processes,  furnace  products,  wire  ropes,  maps  and  plans, 


Pribram. 


and  surveying  and  magnetic  instruments. 

Product  of  the  Pribram  Soielting  Works. 


Production : 
1860-1877. 


Years. 


1800 
1865 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 


Fine  silver. 

Litharge. 

Load. 

K%l09. 

Kilat. 

* 

KOot. 

12,807 

858,256 

340,684 

H286 

1,884,004 

869,650 

15,890 

797, 410 

1,065,978 

16,274 

1,627,956 

500.990 

16,824 

1,605^263 

641,194 

18,053 

1,904,802 

939,464 

20,351 

2,833,926 

1,054,330 

22,857 

2.846,116 

967.670 

23,750 

2,868,638 

962,119 

27,015 

3,466^306 

1,292,125 

Profit. 


Florint. 
119,298 
227,720 
757,204 
634,429 
495,527 
693,415 
683,761 
774.728 
981,002 
1,288,722 


JoachimsthaL 


Position. 


History. 


DcpressinfC 
effect  of  ttie  wars 
ot  the  17th  cen- 
tury. 


Oeological 
occurrence  of 
the  metalliferous 
veins. 


Nature  of  the 
ores. 

Workings. 


Joachimathal. 

The  little  town  of  Joachimsthal  lies  on  the  south  slope  oi 
the  Erzgebirge  (Metal  Mountains)  of  Bohemia,  in  a  ravine 
running  north  and  south.    Mining  began  there,  in  all  proba- 
bility, during  the  iirst  years  of  the  sixteenth  century.    In 
1517  the  number  of  miners  was  8,000  and  the  town  counted 
20,000  souls.    It  was  in  1518  that  the  first  silver  crowns 
were  struck  here.    They  were  at  first  called  Joachimsthaler, 
afterwards,  by  abbreviation,  Thaler^  whence  also  dollar. 

The  wars  of  the  seventeenth  century  had  a  highly  pr^a- 
dicial  effect  upon  the  exploitation,  which  declined  to  such 
an  extent  that  the  annual  production  sank  rapidly  from  a 
mean  of  22,000  kilos  of  silver  during  the  first  80  years  to  an 
average  of  3,000  kilos,  at  which  it  remained  from  1595  to 
1877. 

The  vein-bearing  rocks  of  Joachimsthal  are  mica  schists 
inclosed  by  granite.  The  veins  in  the  eastern  portion  of  the 
mine,  where  there  are  masses  of  included  limestone,  carry 
calcite  as  the  gangue  mineral.  Those  in  the  western  part 
of  the  mine  are  quartzose,  and  are  accompanied  in  part  by 
masses  of  included  porphyry.  There  are  seventeen  veins 
which  strike  north  and  seventeen  which  strike  east.  It  is 
a  remarkable  fact  that  those  which  strike  north  show  en- 
richment where  they  pass  or  cross  the  intruded  limestone  or 
porphyry,  while  the  other  set  of  veins  are  not  thus  affected. 
The  width  of  the  veins  varies  from  two  meters  down.  They 
have  been  explored  to  a  depth  of  520  meters  and  to  a  hori- 
zontal distance  of  from  1,500  to  4,000  meters. 

The  ores  raised  carry  silver,  cobalt,  nickel,  bismuth,  audi 
uranium.  There  are  four  shafts,  the  deepest  being  53^ 
meters.    The  drainage  is  accomplished  by  the  aid  of  tw-^ 
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tannels,  with  a  united  length  of  40  kilos.    About  600,000    ^^'^;^^^- 

kilos  of  ore  are  raised  yearly.  

Compared  with  those  of  other  mines  the  ores  raised  at  joachimathai. 
Joachimsthal  seldom  require  stamping.  The  ore  is  concen- 
trated on  Eittinger's  percussion  tables.  The  result  is  4,000  of  ^i2S!*°*™^*°'' 
kilos  of  concentrations,  containing  from  0.1  to  0.5  per  cent. 
sOver,  5  to  6  per  cent,  cobalt  and  nickel,  and  8  per  cent, 
bismuth;  and,  farther,  2,500  kilos  of  uranium  concentrations, 
containing  24  to  30  per  cent,  of  uranoso-uranic  oxide. 

The  concentrations  containing  silver,  etc.,  are  shipped  to  the^^u^er^'^aiMi 
Freiberg.     The  uranium  ores  are  delivered  to  the  local 'i™^**™  o"**- 
fiictory,  where  they  are  converted  into  pigments  much  em- 
ployed in  glass  and  porcelain  coloring.    The  production  of  ^^^jj|*»»<5**on  of 
colors  amounts  to  4,500  kilos  yearly,  and  samples  were  ex- 
hibited in  Paris.    As  a  subsidiary  product  vanadates  are 
also  prei^red  and  were  exhibited. 

Idria.  ^^^^ 

Iciria,  in  Camiola,  lies  above  twenty  miles  east  of  north    Position, 
from  Trieste.    The  deposit  of  cinnabar  at  Idria  was  dis- 
covered between  1490  and  1497. 

Xtecent  investigations  of  the  geology  of  Idria  by  the  pres-    Geological  oc- 
eckti  manager,  M.  Lipoid,  have  proved  that  the  ore-bearing  cinnabar. 
'^ooks  are  exclusively  Triassic,  and  that  the  Carboniferous 
sandstones  and  schists  which  form  the  roof  of  the  metallif- 
^^X>u8  Triassic  beds  have  assumed  this  abnormal  position 
orkly  by  dislocation,  displacement,  or  reversal. 

^Hie  direction  of  the  principal  fracture  of  dislocation  can 
^  studied  above  ground.  It  runs  from  northwest  to  south- 
^^^t  for  a  long  distance,  and  is  encountered  again  in  one  of 
^^  principal  faults  of  the  mines,  and  in  the  extensive  Iract- 
'^^'^'es  and  folds  of  the  metalliferous  Wengen  beds  which 
^^^^ear  in  the  northern  part  of  the  mine. 

The  nature  of  the  deposit  is  very  different  here  and  in  the  Geological  a««o- 

*^Kitheast  portion.    While  in  the  former  the  deposit  is  in-  pMit"  **     ®  *' 

closed  in  the  XJpx)er  Triassic  Wengen  beds,  which  are  cal- 

^^^^leoos  conglomerates  and  dolomitic  breccia,  and  there 

^^sumes  the  form  of  a  segregation  or  of  a  bedded  vein,  in 

^^  southeast  the  ore  is  contained  in  limestone  and  dolomite 

^^onging  to  the  Lower  Triassic.    Here  it  occurs  especially 

^  transverse  Assures  filled  with  schistose  limestone  and 

^^pregnated  with  cinnabar.    This  impregnation  is  observed 

^venin  the  country  rock,  in  which  it  occurs  in  remunerative 

^^ntities.    The  richest  ores  assume  a  lenticular  shax)e,  and 

*^  found  in  the  Wengen  beds  in  the  northwest.    Their  ap- 

P^^nce  has  carved  for  them  the  names  of  ^^ steel  ore" 
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IdriA. 
Workings. 


WinniDg. 


FUling. 


Sorting  in  the 
mine. 


Exploitation. 


Annual  prodac- 
tion. 


Sorting  at  the 
works. 


Stamps. 

Blake  crasher. 
Sorting  table. 


(Stahlerz),  *' liver  ore"  (Lebererz),  and  "brick  ore"  (Ziegel- 
erz).  They  sometimes  contain  as  much  as  40  per  cent  of 
quicksilver. 

The  workable  region  at  Idria  is  300  meters  deep,  800 
meters  long,  and  from  20  to  60  meters  thick.  At  the  end  of 
1877  there  were  926,800  cubic  meters  of  rock  in  sight,  with 
a  contents  of  32,580,000  kilos  of  quicksilver.  The  cubic 
meter  of  rock  in  place  gives  an  average  of  2,600  kilos  of 
roasting  ore,  with  a  contents  of  1.35  per  cent,  quicksilver. 

Winning  the  ore  is  accomplished  by  "  cross-cut  work,"  a 
modification  of  pillar  and  stall  work,  involving  filling,  which 
is  applied  to  thick  seams  on  ore  IxMlies  of  great  dip  and 
feeble  tenacity.  Drifts  are  run  at  various  levels  in  the  ore 
body,  and  cross-cuts  are  run  at  intervals  to  foot  and  hang- 
ing wall.  The  pillars  thus  formed  are  won  in  from  the 
cross-cuts  toward  the  center,  and  from  the  walls  of  the  de- 
I)osit  toward  the  central  drift,  by  side  stopes  or  stalls.  To 
sustain  the  roof,  timbers  are  set  and  immediately  packed. 
After  the  whole  level  has  been  stoped  out  in  this  way  the 
ore  immediately  overlying  the  exhausted  stopes  is  opened 
out  and  won  in  the  same  manner.  The  filling  is  obtained 
from  workings  driven  for  prospecting  purposes,  from  the 
barren  rock  won  with  the  ore,  or  if  necessary  is  even  sent 
down  from  the  surface.  The  ore  is  divided  in  the  mine  into 
roasting  ore,  sorting  ore,  and  waste. 

There  are  five  shafts,  varying  in  depth  from  100  to  307 
meters.  The  hoisting  engines  are  for  the  most  part  hy- 
draulic. The  tramways  under  ground  measure  4,000  meters, 
those  above  ground  2,900  meters. 

The  mean  annual  production  is  1,800  metrical  tons  roast- 
ing ore  and  28,200  tons  of  ore  requiring  sorting ;  or,  in  all, 
30,000  tons,  with  a  contents  of  500  tons  of  quicksilver. 

Hand-picking  of  the  poor  rock  was  substituted  in  1842 
for  a  primitive  wet.  dressing.  The  ores  raised  are  dumped 
into  a  screen  which  separates  the  coarse  stuff  from  the  fine. 
What  does  not  go  through  the  screen  is  carried  to  a  sorting 
house,  where  it  is  classified  into  high  grade,  low  grade, 
crushing  ore,  and  waste.  What  goes  through  the  first  screen 
falls  into  a  second  and  finer  screen.  What  goes  through 
the  second  screen  is  delivered  to  the  smelting  works  direct, 
and  the  comparatively  small  stuff  which  does  not  pass  the 
second  screen  is  sorted.  The  ore,  high  grade  or  low,  i 
crushed  dry  in  a  25*stamp  battery,  and  afterwards  deli  v 
to  the  reduction  works  separately. 

The  finer  ores  are  reduced  in  a  Blake  crusher,  then  sift 
and  the  coarse  stuff  sorted  on  a  revolving  sorting  table  in 
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or©  and  waste.    The  contents  of  the  various  classes  of  ore   austbu-hun- 

QABT. 


is  finom  0.4  per  cent,  to  60  per  cent. 

Tlae  methods  employed  in  the  extraction  of  the  quick-    idria. 
sil'ver  jfrom  the  ores  have  varied  greatly  since  the  mine  was 
first  worked.    At  first  open  vessels  were  used,*  afterwards 
eart^lien  i)ots,  for  which  cast-iron  receivers  were  substituted    Retorting, 
in  3.641.    These  reseivers  at  first  approximated  to  the  form 
of  jars 5  in  1665  they  were  made  as  retorts.    It  was  at  this 
time  that  the  method  of  heating  the  cinnabar  with  lime  was    Lime  prooem. 
indented.    In  1750  the  Almaden  furnace  was  introduced, 
la  1787  the  horizontal  furnace,  called  the  Idria  furnace,  with    Furnaces, 
a  oliimney  and  condensation  chambers,  was  built. 

The  great  quadruple  furnace  called  the  Leopold,  and  Leopold 

erected  in  1825,  was  derived  from  the  last  mentioned.    It 

was  at  work  till  1870.    The  Alberti  reverberatory  furnaces  -  Aiberti 

*^  furnace. 

date  fix)m  1842.    They  are  provided  with  inclined  conden- 
sation pipes,  cooled  by  sprinkling  with  cold  water.    In  1869 
lime  kilns  were  adopted  as  a  type,  and  two  cupola  furnaces 
provided  with  condensation  chambers  were  erected.    This 
system  was  perfected  in  1870  by  M.  Exeli,  manager  of  the       Exeirairon 
works  and  the  inventor  of  the  "iron -clad  furnaces."    At 
tiie  same  period  reverberatory  muffle  furnaces  with  8  muf-  Mmflefamaccs. 
fles  Were  constructed  for  the  treatment  of  the  rich  ores.    In 
^^71  these  furnaces  were  replaced  by  the  two  muffle  fur- 
^^es  now  in  operation.    Since  1875  the  reduction  of  the 
^^s  of  both  high  and  low  grade  has  also  been  accomplished 
"S  the  help  of  long  reverberatory  furnaces  of  the  type  in  .   Roverberato- 
^^  in  lead  works  for  roasting  purposes  (FortachauflUng- 

The  reduction  of  cinnabar  in  muffle  furnaces  is  effected  ^^roceaaea  of  re- 

1)^  ^  ductioD  oiciiina- 

"^  <lecomposition  of  the  sulphide  by  caustic  lime.    In  all  bar. 

^^^  other  furnaces  it  is  simply  a  process  of  roasting  and 

^^ailation. 

.    -^  system  of  flues  of  a  total  length  of  706  meters  stands    Fume  flue. 

^  Connection  with  a  high  stack  placed  at  the  summit  of  the 

^^Untain,  through  which  the  gases  escape,  leaving  the 

^^icksilver  behind. 

Ilie  following  is  a  list  of  the  furnaces  in  use : 

"^^i  reverberatory  furnaces,  heated  through  the  bott-oms,  con-  Liat  of  foraa- 

^ensafcion  in  forked  pipes 10  cea  in  uae. 

iting  fomace,  with  bottom  heat  and  condensation  in  forked 
Pipes 1 

The  *^ Notice"  Bays  meules  ouvertea,    1  suppose  this  to  refer  to  the 

r**''*a  ratio  described  by  Agricola.    Open  vessels  of  ore  were  placed  in  a 

^lit  room  over  furnaces  heated  from  the  outside.    To  promote  conden- 

^tion  green  boughs  were  placed  in  the  inclosed  space.    The  quiek- 

^^^er  gathered  on  the  floor  and  the  leaves. 
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Cupola  famaces,  coDiloDsation  in  forked  pipes 

Iron-clad  furnaces,  the  stack  heated  with  wood,  condensation  in 

crockery  pipes 

Muffle  furnaces 


6 


Ore  production.  In  a  ntD  of  eleveu  months  the  works  can  reclace  13,0(K] 
tons  of  ore  in  lamps,  20,000  tons  of  gravelly  ore,  and  2,00(1 
to  3,000  tons  of  pulverized  ore. 

Loss.  The  loss  has  been  determined  during  the  last  years  at 

13.58  per  cent. 

Vermilion.  VcrmiUon  is  manufactured  on  a  large  scale  at  Idria.    Th< 

process  is  very  old,  but  satisfactory,  and  consists — 

Process.  ist.  In  the  preparation  of  asthiops  by  intimate  mixtun 

of  mercury  and  sulphur. 
2d.  Transformation  into  cinnabar  by  distillation. 
3d.  Conversion  of  cinnabar  into  vermilion  by  grinding 
and  washing. 

Production.  Sixty  tous  of  quicksilvcr  are  annually  converted  int< 
vermilion  in  this  way,  with  a  loss  of  0.35  per  cent,  of  metal 

Workmen.  The  workmcu  employed  at  Idria  number  1,040,  of  whom 

602  are  occupied  in  the  mine,  65  in  the  ore-picking  houses, 
195  in  the  smelting  works,  and  the  remainder  in  vanoofi 
shops. 
Wages  and  Bcsidcs  their  wages,  which  are  small,  the  miners  receive 
grain  and  fuel  at  a  fixed  price,  and  when  ill  are  provided 
with  medical  attendance  and  medicine  free  of  charge 
There  are  also  government  lodgings  for  the  employes.  The 
mutual  insurance  association  possesses  a  fund  of  78,00( 
florins,  and  disposes  of  a  hospital.  The  mine  supports  i 
school  for  the  children  of  the  miners. 

Idria  exhibited  cinnabar  in  its  various  associations  anc 
specimens  illustrating  the  geology  of  the  mine;  also  char 
acteristic  fossils  of  the  imi)ortaut  beds,  very  necessary  tc 
the  proof  of  so  extraordinary-  a  fact  as  the  occurrence  o 
the  Triassic  under  the  Carboniferous.  The  various  vermil 
ion  colors  and  the  intermediate  products  in  their  manufact 
ure  were  also  displayed : 


Cinnabar  ex 
bibit  of  Idria. 


Product  of 
Idria  smelting 
works. 


Product  of  the  Idria  Smelting  Works. 


Yean. 


Length  of  run, 
in  montlis. 


1800 
1865 
1870 
1871 
1872 
1873 
1874 
1875 
187G 
1877 


Nine 

Ten 

Twelve 

Ten 

Eleven 

. ..  .do A. 

...do 

...do 

— do 

Ten  and  a  half 


Quick-    I  ArtificLa 
silver,      cinnabar 


Kilot. 

37(1. 690 
375,789 
383.405 
377, 387 
372,  135 
369. 7l'9 
372,413 
Sr-0. 2U0 


Kilo*. 

Tail' 

100,81 
98,81! 
S3.  GO: 
08.491 
46.06: 
48,04 
58,  U& 
49,  2t*: 
C4.08I 
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Schneeberg,  ^^^JJ^^"""- 

Another  mine  mentioned  by  the  Notice^  and  which  also  ex-    schneeberg. 
liibited  in  Paris,  is  worthy  of  mention  because  of  its  excep- 
tional character  and  its  considerable  commercial  importance. 

The  Schneeberg  (Snow  Mountain)  lies  about  30  miles  Position, 
soathwest  of  Innsbruck,  and  forms  the  intersection  of  sev- 
eral lofty  ranges.  Near  its  summit,  2,200  meters  above  sea- 
level,  and  just  below  the  glacier  limits,  is  the  Schneeberg 
zinc-blende  mine.  Everything  leads  to  the  belief  that  this  HiHtory 
mine  was  worked  as  far  back  as  the  middle  of  the  fifteenth 
century — not  for  blende,  of  course,  but  for  argentiferous     ^   Formerly 

_  •'  '  '  ^,  worked  for  argen- 

ga*lena  and  chalcopyrite.    In  1486  a  thousand  mmers  were  tiferous  galena, 
at  ^^ork ;  but  soon  afterwards  the  ore  was  practically  ex- 
hMXfited. 

In  1868  and  1869  new  examinations  of  this  mine  led  to  its  wendl!''^"^**  ^**' 
''^opening  for  the  sake  of  the  zinc  blende  found  in  untouched 
^eins,  and  also  in  the  ancient  pack  and  on  the  dumps. 

^The  deposits  occur  in  micaceous  schists,  which  constitute   Geological  oc 

x»  '  onrrence  of  the 

^^^  rock  of  the  range  to  which  the  Schneeberg  belongs,  metaiuferone  de- 
Th^y  are  from  2  to  17  meters  thick,  and  consist  of  blende, 
g^l^na,  and  a  little  iron  and  copx)er  pyrites.  Ankerite,  cal- 
^^^^  quartz,  garnet,  and  amphibole,  in  part  in  fibrous  varie- 
^^'^^^  accompany  the  ores.  The  strike  is  northeast,  the  dip 
^^^^  to  380  northwest,  and  the  deposits  have  been  followed 
2>SC0  meters  in  strike  and  to  a  depth  of  987  meters.  The 
^^ins  are  repeatedly  faulted. 

"S^he  underground  work  has  thus  far  been  confined  to  gen-    workings. 
^^^^^^1  exploration  and  preparatory  arrangements.    Extraction 
the  outcroppings,  on  the  other  hand,  has  made  great  prog- 
),  and  large  quantities  of  blende  are  now  obtained. 

Ihere  are  three  concentration  works  connected  with  the    concentration 

works 

ne— two  of  them  close  to  it,  the  third  at  Meiem.  On  ac- 
^^^^^^^int  of  the  altitude,  the  works  at  the  mine  can  only  run 
^^^Xir  months  in  the  year;  the  establishment  at  Meiem  nine 
'^^^^^nths.    The  difficulty  of  exporting  the  ore  is  excessive. 

The  Schneeberg  Mine,  with  its  ore-dressing  works,  is  now    Prodnction. 

Tning  out  about  7,000  tons  of  blende,  with  a  mean  zinc 

^^^^ntents  of  nearly  45  per  cent.,*  besides  over  3,000  tons  of 

^^'^^^'essed  galena.    It  is  expected  that  this  product  will  be 

^^^ubled  or  trebled  when  the  projected  preliminary  work  is 

^^^^^mpleted. 

Schneeberg  exhibited  maps  and  ores. 

^ —  «    '  ,•  ■ 

*  This  would  give  oyer  3,000  tons  zino.    Great  Britain  produced  6,834 
"•^^^  of  that  metal  in  1877 
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X. 

"^y-  ITALY. 

interestiiiff  ex-     While  the  Italian  exhibit  was  in  many  respects  interest- 

hibit    of    Malfl- .  .    «  .  -,  «  .  •■ 

dano  xino  mmea  mg,  the  explanatory  information  presented  cannot  be  said 
riRhi  copper  to  havc  been  altogether  satisfactory.  The  import>ant  mines 
™  ^*  of  Sardinia  were  well  described  in  a  pamphlet  issued  by  the 

Malfidano  Company,  and  two  other  mines  of  comparatively 

small  importance,  the  lignite  mine  of  Mnrlo  and  the  copper 

mine  of  Boccatederighi,  both  in  Tuscany,  pursued  a  similar 

hiMtof^ea^Mfd coursc.    But  the  lead  and  iron  industries  were  represented 

iron  induBtne*.   ^^jy  ^^  gpeciiiiens  of  products,  and  the  information  given  iu 

the  Catalogo  Generate  Sezione  Italiana  was  of  the  most  mea- 
ger description.    The  following  fragmentary  account  of  the 
mining  industry  of  Italy  must  therefore  suffice. 
Large  exporta-     Au  important  part  of  the  mineral  industry  of  Italy  •  is 

tion   of   ores  in  v  w 

oonseqaence  of  reflected  iu  the  exportation,  because  in  the  absence  of  im- 
coal.  portant  deposits  of  coal  the  smelting  of  ores  in  the  king- 

dom is  much  limited.     The  principal  exportation  of  ores 
during  the  year  1877  was  as  follows : 

Tons. 

Exportation,     iron  ores 236.667 

Copper  ores 9,616 

Lead  ores 27,531 

Zinc  ores 78,255 

Manganese  ores 7,375 

Sulphur  ores 210,327 

Carrara  marble     The  ouarrias  of  Carrara  also  represent  an  annual  produc- 

QUBrries 

tion  of  about  140,000  tons  of  marble,  which  is  in  great  part 

worked  up  in  the  country  before  exportation. 

Salt  Salt  is  produced  both  by  government  works  and  by  pri- 

Goyemment  vatc  iudustry.    The  government,  which  has  a  monopoly  in 

all  the  continental  provinces,  derives  therefrom  an  income 

of  80,000,000  of  francs  yearly,  and  has  nine  salt  works  in 

operation. 

mSifimJ^^  "^     These  are  in  part  rock-salt  mines  and  in  part  evaporating 

rating  work*,     works  ou  the  coast,  and  produced  from  2,500  to  150,000  tons. 

^^ngtnifcrous     Mangauifcrous  pig,  in  part  for  use  in  the  manufacture  ol 

Bessemer  steel,  is  indeed  produced,  but  the  whole  product  is — 
only  30,000  tons  per  year.     Including  the  reworking  otzzz: 
scrap-iron,  the  production  of  bar-iron  amounts  to  50,00(]^^ 

306  *  Catalogo  Generate. 
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ITAI.V. 


Importation  of 
iron. 


tons.    The  iini)ortation  of  iron  exceeds  200,000  tons  annu- 
ally. 

Aboat  300  tons  of  copper  and  10,000  of  lead  are  annually 
turned  out.    In  the  immediate  neighborhood  of  Genoa  there  oopSSS^tead  ^' 
is  a  lead-refining  works,  and  shops  for  the  manufacture  of 
utensils  an^  of  ornamental  work  in  various  metals  are  dis- 
tributed over  the  whole  kingdom. 

Coal* — As  has  already  been  remarked,  Italy  is  poor  in   Coai. 
mineral  fuel.    Bituminous  coal  is  found  only  in  the  province 
of  Ddine,  in  Sicily,  and  even  this  deposit  is  of  no  imi)ortance. 
J^either  are  the  anthracite  deposits  of  Italy  of  much  value,      very  iimued 
The  best  known  is  in  the  valley  of  Aosta,  Piedmont,  from  "°^  ^' 
which,  however,  scarcely  500  tonnes  (of  1,000  kilos)  are  yearly 
extracted.    Lignite  of  Tertiary  age  is  however  more  plenty. 
Thd  most  extensive  lignite  or  brown-coal  fields  are  in  Tus-   Lignite  fieida. 
cany,  Ligmien,  in  the  provinces  Vicenza,  Verona,  and  Ber- 
£ra>ixio,  and  on  the  island  of  Sardinia.   The  total  area  of  these   Area. 
coal  fields  is  13,500  hectares,  =  51  square  miles.    There  are, 
^^ides,  tolerably  extensive  deposits  of  peat  at  the  foot  of  Peat. 
*h^  Alps. 

lie  extent  of  the  output  of  brown  coal  is  apparent  from 
^^  following  figures: 


A^', 


iiage  of  the  years  1866-1870 


Tonnes  of  1.000 
kilos,  2,204  lbs. 


rO,  000     Output  of  lig- 

*- the  year  1871 84, 000  ****** 

1872 95,500 

1873 110,305 

1874 121,855 

1875 101,640 

The  'pest  product  amounts  to  about  95,000  tonnes  yearly.    Peatph>duet 
IPicked  specimens  of  fuels  analyzed  in  the  laboratory  of 
«  Royal  Technical  Institute  in  Florence  gave  the  follow- 
^  results : 

Analyses  of  lig 
nite  and  peat. 


^ 

Description. 

Locality. 

1 

a 

K 

1 

• 

a 
1 

• 

• 

ja 
o 

_____ 

W* 

O 

n 

o 

-^l 

u 

^^^ite 

Montebamboli 

Tattl 

Gbedi 

1.82 
1.60 

73.44 
73. 10 
55.60 
60.00 

6.15 

5.88 

a  72 

0.80 

13.20 
15.80 
33.83 
32.43 

5.10 
2.50 
2.80 
8.77 

7.485 

^1)0...      

7.220 

^ : 

5.358 

•■^^epared  peat 

do 

1.28 

4.078 

It  is  plain  that  in  spite  of  the  very  moderate  consumption 
^^  fuel  in  Italy  the  imi)ortation  of  coal  must  reach  consid- 
^^ble  figures. 


*  J,  Pedutr,  Kokle  und  EUen, 
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The  imported  coal  comes  almost  exclasively  from  England, 
in  what  quantities  appears  in  the  following  table : 

Italian  trade  in  coal,  in  Umnea  of  1,000  kiloa. 


'  Table  of  impor- 
tation and  expor- 
tation of  coaL 


Yean. 


1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 


1. 
1, 


524,042 
515,043 
580,388 
653,604 
041,789 
701,580 
030,724 
050,633 
032,035 
059, 816 
454,542 


Exporta- 
tion. 


1,879 
2,068 
3.034 
6,442 
11.456 
12,550 
5,009 
4,180 
4.778 
7,7M 
5,7»« 


^"*°-  Iron. — ^If  Italy  possessed  coal  in  proportion  to  the  qiian- 

Large  deposita  tity  and  quality  of  her  iron,  she  would  take  rank  with  the 

of  excellent  qual-       *'  -i  »/ 

ity.  great  iron-producing  countries  of  the  world.    In  the  absence 

of  coal  the  iron  industry  is  of  little  importance  and  ad- 
Smehang  with  vauccs  but  slowly.    Smelting  is  effected  almost  exclusively 
with  charcoal,  and  it  is  more  profitable  to  export  ore  than 
to  smelt. 

IRON  ORES. 


Iron  ores. 


Table  of  the  production,  importation,  and  exportation,  in  tonnes  of  1,000  kilos. 


Prodnction,  im- 
portation, and  cx- 
pertation :  1850- 
1876. 


Tears. 


Produc- 
tion. 


1850 
1860 
1866 
1867 
1868 
1860 
1870 
1871 
1872 
1873 
1874 
1875 
1876 


64,000 

71,000 

145,  000 

105,000 

102,000 

101,000 

74,000 

72,000 

167,000 

280,000 

265,000 

234,000 

248,000 


Importa- 
tion. 


!xpo; 
doi 


irta- 
on. 


392 

6,578 

6,263 

1 

1 

7 

45 

431 

12 

"53 


18,110 

31,563 

24,518 

54.122 

40.711 

45,322 

168,472 

151.949 
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101,157 

I9f.6B7 


Localities  of 
the  iron  mines. 


Iron  mines  are  worked  in  the  Lombardic  provinces  of  "^ 

Bergamo,  Brescia,  and  Como,  in  Sardinia,  and  in  the  Pied . 

montese  provinces  of  Turin  and  Novara,but  the  most  fruit —  : 

Elba.  ful  mines  are  those  of  Elba,  and  to  them  is  due  the  crediti^. 

of  the  greater  part  of  the  production  recorded  in  the  fore— 

Historical  iron  goiug  table.    The  iuexhaustiblo  iron  mountain  of  Elba  hi 

moantain. 

been  celebrated  from  the  earliest  times,  and  was  worked  bi 
the  Etruscans  and  the  Eomans.    The  ore  is  shipped  at  th< 
vermcanomine.  harbor  of  Eio,  iu  the  neighborhood  of  which  lies  the  V< 
rucano  Mine,  the  most  important  in  the  island. 

Since  1872  the  production  of  iron  ores  in  Italy  has 
tolerably  large,  and  in  the  last  two  years  the  exportatic:>^ 
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has  been  fonr-fifths  of  the  output.  The  exported  ore  goes  ^^^^' 
mainly  tx>  France^  but  a  few  ship-loads  go  as  &br  as  the  iroaore. 
United  States. 

Mines  of  Malfidanoj  in  Sardinia,  Mfiflda^^*^'  ^^ 

The  change  brought  about  in  the  zinc  industry  by  the  re- 
opening of  the  ancient  mines  of  Sardinia  and  Greece  is  fa-  Ancient  mine 
miliar  to  all  who  have  to  do  with  that  metal,  and  informa- 
tion concerning  these  resuscitated  mining  districts  will  be 
welcome  to  many.  Accordingly,  a  large  part  of  the  Notiaj 
published  by  the  Zinc  Mining  Company  of  Malfldano,  is  here 
repit>duced. 

The  dei)osits  worked  by  the  Malfldano  Company  are  ^^theSetSmfrronl 
two  general  descriptions.  For  the  most  part  they  partake  ▼«*!»«  ^o^ed  by 
of  the  character  of  bedded  veins.  This  is  the  case  at  Mal- 
fidflino,  at  Genua- Arenas,  and  at  Plauu-Sartu.  But  some- 
times they  are  masses  or  chimneys  of  ore,  which  appear  to 
bear  no  relation  to  the  stratification  of  the  inclosing  lime- 
stones, except  that  they  preserve  the  same  dip,  which  is 
more  or  less  nearly  vertical,  as  at  Planedda  and  at  Monte- 
fiexio.    The  limestones  are  supposed  to  be  Silurian. 

The  most  important  of  these  deposits  is  that  of  Malfidano,    Tbedepoeitaat 
which  contains   calamine,  blende,  galena,  and    cerusite. 
These  minerals  are  mingled  without  any  order  in  the  de- 
posit.   Calamine,  however,  predominates  and  constitutes 
Beven-eighths  of  the  whole. 

The  deposit  of  Malfidano  takes  the  form  of  an  immense 
v^ein,  parallel  to  the  stratification  of  the  limestones.  Its 
limits  have  not  yet  been  precisely  determined. 

This  vein  appears  to  have  two  branches.    In  the  more  ^^  tSf'^SMiiS? 
Important  of  them  the  calamine  is  generally  distributed  v©^- 
In  masses  or  chimneys,  which  ai*e  parallel  to  the  limestone 
iDcds.     These  chimneys  or  masses  of  ore  exhibit  very  vari- 
able horizontal  dimensions,  and  sometimes  attain  a  thick- 
ness of  twenty  meters.    When  several  of  them  unite,  as  is 
:tiot  infrequent,  the  ore  is  developed  in  the  general  direction 
^f  the  dei)Osit  for  a  hundred  meters,  or  even  more.    Else- 
"wbere  the  calamine  is  distributed  more  regularly  in  veins 
of  Tarying  thickness.    In  both  modes  of  distribution  the  ore 
follows  the  general  dip. 

It  is  in  this  branch  of  the  vein  that  the  mine  of  Malfidano, 
properly  so  called,  is  situated.  The  other  branch  contains 
few  workable  deposits. 

The  deposit  at  Planedda  has  the  form  of  an  inverted  trun  ^^JJ"*'^  *"*  ^^ 
cated  cone,  the  larger  bate  reaching  the  surface,  where  it 
presents  an  area  of  about  1,200  square  meters.    At  GO  me- 


mine. 
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ITALY.  '     ters  from  the  sarface  the  area  is  about  110  square  meters, 
zino  mines  of  below  which  there  is  no  ore  of  any  importance.    Tliis  mass 
seems  to  have  been  nearly  worked  out.    The  ore  is  pnnci- 
Mine  at  Plan-  pally  earthy  calamine,  but  of  remarkably  constant  compo- 
sition, carrying  from  39  to  43  per  cent,  of  zinc. 
MonteRexio     In  the  dcposit  of  Monte-Eexio  are  found  various  concen- 
trations of  calamine,  occurring  in  masses  of  varying  size 
in  dolomite  limestones.    The  mass  bearing  the  name  ^^Dela 
BoutCj^  is  the  most  important ;  it  measures  100  meters  by  30, 
and  has  been  explored  for  50  meters  in  depth  without  reach- 
Qiaracter  of  jng  its  inferior  limit.    It  consists,  for  the  most  part,  of  white 
calamine,  which  is  nearly  pure  carbonate,  and  of  yellowish 
calamine  covered  with  crj^stals  of  zinc  silicate.    The  ore  is 
mixed  with  lime-spar  ferruginous  matter,  containing  a  small 
amount  of  zinc.    The  ore  of  this  mine,  like  that  of  Pla- 
nedda,  contains  little  or  no  metallic  sulphides. 
Genna-ArenM     The  Genua- Arenas  Mine,  to  the  west  of  Monte-Eexio.  has 

mine.  '  ' 

not  been  worked  to  any  great  extent.  It  consists  of  lentica- 
lar  bodies,  sometimes  isolated  and  sometimes  connecte<l  by 
veins  of  calamine, 
pianu-sartu  The  Plauu-Sartu  claim  contains  two  deposits,  distinguished 
as  the  north  and  south  bodies.  Next  to  MalMano  the  south 
body  is  the  most  important  and  richest  of  the  deposits  be- 
longing to  the  company,  and  it  is  the  most  regular  of  all. 
Its  general  strike  is  north  25^  east,  and  its  croppings  extend 
for  340  meters,  and  are  from  40  to  50  meters  wide. 
Character  of  At  the  surfacc  the  ore  forms  a  series  of  lenticular  bodies, 
arranged  like  a  string  of  beads,  and  were  very  profitably 
worked.  But  in  depth  the  walls  of  these  ore  bodies  ap- 
proached each  other,  whence  it  was  believed  that  the  de- 
posit of  the  Planu-Sartu  would  give  out.  But  explorations 
by  shafts  proved  that  below  the  croppings  there  are  veins 
of  considerable  thickness  and  great  regularity,  such  as  are 
seldom  found  in  deposits  of  calamine.  All  these  veins  are 
parallel  to  the  limestone  beds  in  which  they  are  situated, 
and  are  remarkable  for  their  continuity  in  depth.  *  Five  of 
these  veins  have  been  discovered,  and  their  thickness  varies 
from  1.5  meters  to  5  meters.  At  some  points  they  oi>en  out 
to  a  greater  width,  and  one  of  these  enlargements  reaches 
12  meters.  The  character  of  the  ore  of  this  mine  is  verv 
varied.  The  color  is  white,  yellow,  red,  and  black,  and  the 
texture  varies  as  greatly  as  the  color. 

The  north  body  is  parallel  to  and  analogous  to  the  south 
body,  but  carries  comparatively  little  ore. 
Kxpioitation.       JExploitatiati. — The  mines  of  the  Malfidano  Company  seem 
to  be  exceptionally  weil  situated  for  working,  for  a  large 
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part  of  the  ore  lies  at  or  near  the  surface,  while  at  the  same       ^^^^' 
time  the  topography  is  sach  that  tunnels  can  be  run  into    ztDo  mines  of 
the  ore  bodies.    Hence^  the  deposits  can,  for  the  most  part, 
be  worked  as  open  casts,  and  the  material  dumped  through 
chutes  to  the  tunnels,  through  which  it  is  brought  to  the 
surface  nearly  at  sea-leveL    Underground  workings  of  the    woridngs. 
ordinary  character  are  also  necessary  in  a  few  places.    There 
is  little  trouble  with  water. 
Production  of  ore. — The  ores  extracted  are  divided  into  ^  ciawiflciUon 

•^  of  ores. 

two  great  classes,  lump  ore  and  earthy  ore.    The  latter  come 
almost  exclusively  from  Planedda  and  Planu-Satu.    The 
production  of  lump  ores,  from  the  organization  of  the  com-  lump^orc^****  ^^ 
pauy,  has  been  as  follows : 

Tonnes. 

I86e-'e7 28,7531805-1877. 

1868 35.967 

1869 33,968 

1870 16,287 

1»71 15,290 

1872 26,878 

1«73 29,073 

1S74 31,459 

1875 35,119 

1*^G 42,364 

1877 45,598 

Total 340,756 

In  addition,  there  have  been  produced,  during  the  same 
Period,  59,102  tons  of  earthy  ore  sufficiently  rich  for  sale, 
-^n  ore-dressing  works  is  being  constructed  at  Buggerru  for        woAs  for 
^©  treatment  of  a  couple  of  hundred  thousand  tons  of  low-  ore. 
S^de  ore  now  on  hand,  and  will  go  into  operation  at  the 
^iid  of  1878. 

Besides  the  ore  above  mentioned,  21,250  tons  of  zinco-     zinco-pinmbi- 
plumbiferous  ore  has  been  sorted  out  from  the  products  of^^^^^^^ 
^he  mines.    The  following  is  given  as  the  mean  composition 
^^  the  ore  actuallj^  extracted  from  the  Malfidano  Mine : 

Per  cent. 

^^bonic  acid  and  combined  water 26. 40     Analysis. 

2'^<5 40.00 

^ygen 10.06 

^cicacid 5.00 

^«d 5.54 

'^mc  oxide  and  aluminum 6. 50 

^'Uti©  and  magnesia 4. 40 

^^Ipbor 2.00 

Total 99.90 

This  composition  is  nearly  the  average  of  the  ores  from 
the  various  mines,  which  contain  from  38  to  45  per  cent,  of 
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_  zinc.    The  earthy  ores  are  of  a  simUar  composition.    T 
ziDo  mines  of  zinco-plumbiferous  ores  contain  34.50  per  cent,  zinc,  20. 

Anal  Jb.        P®^  ^^^*  ^^^r  ^^d  1^^  grams  of  silver  per  ton  of  ore. 

'    These  latter,  as  well  as  the  earthy  calamines,  are  s( 
Exploitation,   j^^^  while  the  lump  ores  of  zinc  are  roasted  at  Bnggen 

with  charcoal,  in  shaft  fomaces  6  meters  high  and  3  met< 

in  diameter  at  the  widest  point. 
Calcining.  The  calcining  increases  the  zinc  contents  of  the  ore 

54.40  per  cent.,  and  it  is  said  that  the  variation  iu  the  co 

position  of  the  roasted  calamine  does  not  amount  to  1  ] 

cent. 
Workmen.  The  uumbcr  of  workmen  employed  by  the  company 

1,465. 


XI. 


SPAIN. 


SPAIN. 


So  &r  as  natural  resources  are  concerned,  Spain  is  one  of   Grand  natural 

reaoarccainlead, 

the  first  mining  countries  in  the  world.  It  leads  all  countries  qoickaUyer,  oop- 
in  the  amount  of  lead  and  quicksilver  produced  5  the  copper-  ^'' 
fining  district  of  Huelva  is  one  of  the  most  imi)ortant  in 
Europe  'y  the  iron  mines  of  Bilbao  are  as  famous  for  the 
Quantity  of  their  ores  as  for  the  quality  of  the  metal  pro- 
duced from  them ;  its  coal  fields  are  extensive  aud  have  the  ooai  and  zinc. 
advantage  of  lying  near  the  sea-coast ;  and  ores  of  zinc  and 
other  metals  abound.    The  exhibits  made  at  Paris,  however,    inade^te  ex- 

'  '  hibit  in  Parla. 

as  fs^r  as  Class  43  isc  oncemed,  were  utterly  unsatisfactory, 
soiae  of  the  most  fiEimous  mines  not  even  being  represented 
^y  specimens  of  ore,  and  information  either  as  to  the  mining 
8tatiBtics  of  the  country  or  as  to  the  nature  and  workings  of 
particular  deposits  was  conspicuous  only  by  its  absence. 

^oder  these  circuiftstances  the  Commissioners  would  be 
jntitiQed  in  omitting  any  report  upon  the  Spanish  exhibit, 
^^^  Spain  plays  a  part  really  so  important,  and  potentially 
^  iiiuch  more  so,  in  the  mining  industries  of  Europe,  that  a 
fe^  fects  gleaned  from  various  authors  are  here  set  down. 

'^he  following  r^umi  of  the  product  of  the  metallic  mines  .  B«portof Denin 
^^  Spain  is  taken  from  a  work  by  M.  Denis  de  Lagarde : 


de  Lagarde. 


Production  of  ores  in  Spain, 


Ores. 


^i  «««itiferoii8  lead . . . 

o5^«(Btiferona  pyrites 

.S^I^cr  

^i^r"&ntlferoua  copper 

^^ki'aid'oobait.!*.* 


1867. 


TonnsM. 

337. 093 

30,417 

1,648 

25 

237.488 

116 

86.822 

122 


1868. 


Tonnes. 

317,670 

28,908 

3,464 

500 

227,732 

95 

131,407 

1 


1860. 


Prodaction    of 
ores    in    Spain : 

1867-1869. 


Tonnes. 

278,374 

83,440 

2,931 

1,825 

306,620 

223 

113,485 

83 


VVTiile  no  trustworthy  figures  are  attainable  for  the  prod- 

^^t  of  the  Spanish  mines  since  1869,  it  is  known  that  the  fig- 

^^^*^s  of  the  above  table  have  undergone  considerable  modi- 

^<^tion.    The  amount  of  lead  and  zinc  produced  has  dimin- 

^Ued,  while  that  of  copper  has  largely  increased. 

Ihe  chief  lead-mining  province  of  Spain  is  Murcia,  on  the    The  leadmin^s 
Southeastern  coast,  which  produces  two-thirds  of  the  yearly  °^^^*^**- 
^^tput.    The  province  of  Santander,  on  the  Bay  of  Biscay, 
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srADf. 

Zinc  iniiiea  of 
Santander  and 
Murcia. 

Copper. 


Iron  ore. 


CoaL 


Caose  of  the  in- 
adequate prose- 
cution of  coal 
mining. 


Extent  of  Span- 
ish coal  fields. 


History  of  coal 
mining  in  Spain. 


in  Old  Castile,  leads  in  the  production  of  zinc,  but  the  prov- 
ince of  Murcia  stands  next  to  it,  and  the  two  together  pro- 
duce nine-tenths  of  the  total  zinc  product  of  the  country. 
Almost  all  the  copper  is  produced  in  Huelva,  which  lies  in 
the  southwestern  comer  of  Spain,  adjoining  the  great  py- 
rites-mining district  of  Portugal.  Iron  ore  is  largely  mined 
both  in  the  Bay  of  Biscay,  in  the  neighborhood  of  Bilbao, 
and  in  the  southeast  (Murcia),  while  coal  comes  chiefly  from 
Asturias  and  Palencia,  on  the  northern  coast,  but  also  irom 
Cordova,  in  the  south. 

The  following  notes  are  mostly  taken  from  M.  J.  Pechai^A 
valuable  treatise,  Kokle  und  Eisen  in  alien  Laendern  der 
Erde  : 

Spain  i)osses8es  such  important  deposits  of  coal  that  the 
entirely  inadequate  prosecution  of  coal  mining  would  be  very 
remarkable  were  it  not  fully  explained  by  the  unfavorable 
political  conditions  of  the  country. 

The  extent  of  the  coal  fields  of  Spain  is  estimated  at 
906,720  hectares  (nearly  3,500  square  miles).  The  store  of 
coal  is  supi)osed  to  be  from  3,000  to  3,500  million  of  tons. 
Of  this  two-thirds  can  certainly  be  mined  with  profit,  and  at 
the  present  rate  of  consumption  (a  million  and  a  half  of  tons 
a  year)  would  last  Spain  for  1,300  years. 

Coal  mining  in  Spain  was  begun  about  the  middle  of  the 
eighteenth  century,  but  in  1825,  on  the  promulgation  of  a 
new  mining  law,  there  was  no  coal  being  mined.  Since  that 
time  there  has  been  a  very  gradual  rise  in  the  production 
and  consumption.  But  more  than  half  the  amount  used  is 
still  imported,  as  will  be  seen  by  the  following  table : 


Stotistics 
of  Spanish  coal 
mines  and  work- 
ings. 


Provinces. 


Coal. 


Oviedo  .. 
Cordova. 
Palencia 
Sevilla  . . 
Gerona.. 
Leon  — 
Bargos . . 


TBUS  COAL. 


Lignite. 


Total 50,229 

LIOXITB. 


Barcelona 

Santander.  .. 
Gaipuzcoa    . . 

Teruel 

Logro&o 

Alicame 

Balearic  IiIm 


Steam-enginea. 


1 

B 

Horse-power. 

1 

1 

0 

8 

14 
8 
3 

1 

144 

272 

97 

95 

50 

Tonnei. 

374,914^ 

]70,33S 

119.220 

13,5<N» 

!       8,380 

4  721 

•  •  •  •    •  ■ 

23C 

32 

658 

i  895.34- 

1 

10 

7.51. 
2  0^7^ 

1.  5ae 

>  •  •  • 

1, 1  ^ 



••••■•-■ 

-sc 

MIMIXO   IMDUSTHIES:   COBIMISSIONER   HAGUE. 


315 


Provinces. 


UGKITB. 

NayaiT» 

GcniDE , 

Oviedo 

Cirteflon 

ToUl 

Aggregate 


lit 

S  to 


Aeret. 

30 

277 

250 

272 


7,517 


g 

'I 
B 


4 
84 
29 
27 


SPAIX. 


Steam-engines. 


I 


587 


I 


Statistics  of 
coal  industry. 


Tonnet. 

200 

140 

56 

20 


10  I    13,346 


66, 74G       7, 325 


) 


33 


659  I  708,686 


Tears. 


1880 

im 

1870 
1871. 

im . 

1873. 

1874. 

1875. 

1876 

1877 


] 

Prodaction. 

Importa- 
tion. 

Tmecbal.   Lignite. 

Total. 

Tonnet. 
320, 899 
461,396 
621.832 
589,707 
087, 701 
658,744 
695.  340 
628, 810 
675,926 
609,500 

Tonnet. 

18,052 
34.359 
40,095 
43.824 
83.460 
20,938 
13,346 
25,689 
80,888 

T&nnet. 
339.857 
495, 755 
601, 927 
633,531 
721,251 
679,682 
708.686 
654,499 
706, 814 

Tonnet. 
452, 479 
394,806 
566,011 
634,897 
602,507 
619, 248 
580, 708 
704,287 
774, 770 
837,053 

Production, 
importation,  con- 
Cunsump-  Bumption : 
lion. 


Tonnet. 
792,330 
890,561 
1, 228, 838 
1, 168,  428' 
1, 313,  818 
1,208,930 
1, 289,  394 
1,  a)8, 786 
1.481.584 
1.636,653 


1860-1877. 


1^  the  report  on  England  an  interesting  table  was  given      comparative 
showing  the  purposes  for  which  the  coal  raised  was  con-  v^ouS^  punS^ 
sumed.    The  consumption  in  Spain  from  1872  to  1874  for  "*•• 
various  purposes  was  as  follows : 


^«wa  industries 

5}awsv8 

ffl^iMtinggaa 

^ercliit  marine . .  .V. '.V. '. 

^aiiOQs  industries  in  Catalonia 

^nOQs  industries  in  other  provinces 

Total 


Tonnes. 


500,000 
190,000 
110,000 
28,000 
110,000 
146,000 
216, 000 


1,300,000 


Per 
cent. 


38.6 

14.7 

8.5 

2.2 

8.6 

11.3 

16.2 


100.0 


It  is  by  no  means  imi)ossible  that  the  coal  fields  of  Spain  convenient  po. 
^ay  hereafter  be  developed  to  an  enormous  extent.  What  flciSr^  ^^*  ^"""^ 
^ves  them  an  especial  value  is  that  many  of  them  lie  close 
^o  the  coast — an  advantage  shared  in  Europe  only  by  the 
^al  mines  in  Wales  and  the  north  of  England.  Spain  is 
therefore  in  a  position  to  supply  with  coal  the  countries  lying 
^\K)ut  the  Mediterranean,  most  of  which  are  poorly  off  for 
^^ineral  fuel,  and  to  ship  it  through  the  Suez  Canal  to  Asia. 
The  first  object  must,  however,  be  to  supply  the  home  con- 

^mptiou,  for  which  purpose  the  output  will  have  to  be  more 

than  doubled. 
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SPAIN. 


Cool. 


Consideration 
of  the  hindrances 
to  efficient  ex- 
ploitatiron. 


Iron  ores. 

The  rich  and 
importanfbeds  of 
iron  ores. 


Fluctuations  in 
the  output. 

PoUtical  dis- 
turbances. 


What  arc  the  difficulties  which  have  hitherto  stockl  iu  the 
way  of  and  still  prevent  the  development  of  the  coal  fields! 
They  are  lack  of  capital,  and  of  enterprise,  and  of  facilities 
for  transportation.  When  the  legislation  of  Spain  permits 
the  association  of  capital ;  when,  in  general,  the  domestic 
conditions  of  the  country  have  improved;  when  a  system oi 
railways  has  been  developed ;  and  when  the  managers  oi 
the  railroads  better  understand  the  purposes  for  which  car- 
rying companies  are  founded,  then  no  doubt  mining  in  Spain 
will  flourish  in  proportion  to  its  mineral  resources. 

The  great  wealth  of  Spain  in  the  best  of  iron  ores  is  well 
known.  The  Spanish  deposits  of  the  finest  carbonate  and 
oxide  ores  are  among  the  most  important  in  Europe.  Under 
other  domestic  conditions  Spain,  possessing  extensive  coal 
fields,  might  compete  with  England  in  the  iron  industry.  Up 
to  the  year  1873  the  output  of  iron  ores  made  great  prog- 
ress ;  in  1874,  partly  in  consequence  of  the  Garlist  war,  the 
production  sank  to  one-half.  Ko  doubt  the  panic  of  1873  in 
the  commercial  circles  of  all  countries  was  also  influential  in 
the  same  direction. 

The  following  are  a  few  data  as  to  the  production  and  ex- 
portation of  iron  ore,  which  cannot  be  extended  for  want  of 
data.  The  unit  is  the  metrical  tonne  of  1,000  kilos,  or  2,205 
lbs.: 


Production  and 
exportation  of 
iron  ores : 

1871-1877. 


1871 
1872 
1873 
1874 
1876 
1876 
1877 


Production. 


685. 7G2 
781,468 
811,026 
402,052 
406,628 
008,800 
1, 162, 170 


£xi>ortation. 


30t43C 
745,802 
800.381 


In  1877  the  production  of  iron  ore  was  distributed  as  fol 
lows: 

Tonnefl 

Production  by  Biscaya 702,091 

provinces.  Murcia iJOO.OC 

Oviedo 59,4C 

Other  provinces 200,  (je 

Total 1,1G2,L^- 

Analyses.  The  followiug  aualjscs  of  Biscayan  iron  ore  were  ma.^ 

in  the  laboratory  of  El  Carmen  Iron  Works,  at  Baracalcfl 
near  Bilbao.  Under  the  term  vena  dulce  is  understood  «rl 
purest  red  hematite ;  campanil  is  also  red  hematite,  wIa^I^ 
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SPAIN. 


for  the  most  part  contains  limestone,  and  is  especially  sought 

for  export,  mineral  rubio  is  brown  iron  ore :  iron  ©«». 


Vena  dulce. 

1 

1             Campanil. 

Minoral  rabio. 

1. 

2. 

80.78 
2.63 
1.38 
2.24 
G.39 
0.46 

.   •  •  •      •  • 

1      1. 

2. 

84.01 
3.20 
0.40 
4.88 
a  40 
a  80 

■      •  •  • 

3. 

1. 

2. 

Irun  oxide 

86.26 
1.85 
1.53 
1.78 
9.27 
Trace. 

8a  76 
&24 

a  10 

8.15 

a  82 
1.94 

73.90 
5.70 
a80 
5.80 
a  45 
1.25 

79.14 
7.20 
2.40 
2.45 
2.23 
0.71 
Trace. 

5.27 

83.75 

Silica 

6.25 

Almntna .. 

Manganic  oxide 

Xtime 

8.20 
3.17 
1.36 

Hagnesia 

Trace. 

§nlphar 

^M«pboni» 

a  04 

^ater.etc 

a  81 

6.12 

2.90 

6.81 

L25 

3.23 

Total 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

Metallic  iron 

56.52 

68.80 

51.73 

55.40 

6&62 

Analyses. 


Xll. 

PORTUGAL,  PORTUGAL. 

The  following  information  is  derived  from  articles  pab- 

lished  in  the  special  catalogue  of  the  exhibit  of  Portngal. 

Geological     Almost  all  the  known  geological  formations  are  found  in 

character  of  the 

country.  Portugal.     One-third  of  its  area  is  composed  of  igneous 

rocks,  such  as  granites,  diorites,  porphyries,  and  basalts ;  a 
second  third  of  the  more  ancient  sedimentary  formations, 
schists,  grauwackes,  and  crystalline  limestones. 

Granites  predominate  at  the  north  of  the  country  and 
toward  the  center,  syenites  and  diorites  are  more  frequent 
to  the  south  of  the  Tagus,  and  the  porphyritic  rocks  :ure 
found  almost  exclusively  at  the  center  of  Alemt^jo,  in  the 
southern  portion  of  the  kingdom,  while  the  basalts  occur  to 
the  north  of  Lisbon.  The  schistose  rocks  of  the  Archsean, 
Silurian,  and  Devonian  formations  occupy  the  remainder  of 
the  north  and  of  the  center,  as  well  as  of  nearly  the  whole 
of  the  southern  portion  of  the  country.  The  Secondary 
beds  constitute  nearly  the  whole  of  the  zone  comprised  be- 
tween Aveiro  and  Lisbon,  the  mountains  of  Arrabida,  and 
the  shores  of  Algarve,  the  southernmost  province  of  Portu- 
gal. Finally,  the  Tertiary  and  alluvial  deposits  cover  a  large 
area  towards  the  center,  and  are  found  disseminated  through- 
out the  country.  A  great  number  of  metalliferous  veins, 
generally  forming  distinct  groups,  traverse  these  formations. 

in'^Sf  maaSiilr-     M^'^.Y  ^^  ^^®  important  ore  deposits  of  Portugal  were 
OIJ8  depo8it».      worked  by  the  ancients,  who  left  numerous  traces  of  their 

operations.    Mining,  however,  was  for  a  long  time  utterly 
neglected,  and  may  be  said  to  have  recommenced  in  our  own 
days.     Until  1820  the  mines  were  considered  as  national 
property,  and  the  ownership  was  vested  exclusively  in  the- 
Aboiiuon  of  crovernment,  but  at  the  initiation  of  the  constitutional  sys- 

government  mou-  o  /  •^ 

opoiy  in  mines,    tcm  this  mouopoly  was  abolished,  and  private  individuaJa 

were  permitted  to  work  the  mines  upon  payment  of  an  an- 
nual tax  of  five  i>er  cent,  upon  the  product.  This  state  oi 
things  continued  until  the  close  of  1852,  when  the  law  no^ 
in  force  was  enacted. 

TheminhigiawB.      The  fundamental  principle  of  this  law  is  that  mines  ar^ 

state  property.  Under  it  the  discoverer  of  a  metalliferoafi^ 
deposit  or  one  of  mineral  fuel  can  record  and  enter  on 
possession  of  a  claim  in  spite  of  any  opiK>sition  on  the  part 
:U8 
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of  the  proprietor  of  the  sarface  5  the  latter  is,  however,  en-     pqbtugal. 
titled  to  full  damages  and  to  a  royalty.    It  is  obligatory   Mining  uws. 
npoQ  the  claimant,  within  six  months  after  hin  claim  has        Respeotive 
beeD  inspected  by  a  government  official  and  pronounced  eiln  of  met*iiif- 
legitimate,  to  begin  active  operations,  otherwise  the  title  is  a^^of  th^pro^ 
forfeited.    A  patent  is  granted  in  perpetuity,  but  the  prop-  EJjd!**"  ^^  ^^^ 
erty  must  remain  undivided,  and  must  be  continuously   Patents, 
worked.    Furthermore,  the  workings  must  be  kept  in  a  safe    obligations  of 
condition,  and  a  tax  of  five  per  cent,  on  the  net  revenue  is  ant.™  °  '^  ^^ 
collected.    Half  of  this  tax  is  paid  to  the  proprietor  of  the 
soil  as  royalty.    A  further  tax  is  levied,  amounting  to  $89 
per  10,000  square  fathoms.*    The  taxes  collected  form  a    Taxes, 
special  fund,  to  be  applied  in  such  ways  as  the  government 
^668  fit  to  the  advantage  of  the  mining  industry.    These 
^es  are  not  collected  for  two  years  after  the  patent  is 
S^i^iited.    Ores  are  subject  to  no  export  duties. 

On  the  1st  January,  187d,  there  were  276  concessions  for   concessions  in 
coining  enterprises  in  force.  ^"^  *°  ^^^ 

"Xhe  kingdom  is  divided  into  four  mineral  districts,  and  a       Mineral  dis- 
tilling engineer  is  attached  to  each  in  the  quality  of  in- 
spector.   It  is  his  duty  to  see  that  the  provisions  of  the 
fining  law  are  enforced. 

Jron, — All  provinces  of  the  kingdom  abound  in  iron  ores,    iron. 
*iid  each  of  the  various  ores  of  this  metal  is  found  in  work- 
*l>le  quantities.    They  are  found  in  veins  in  the  schists  of 
^lemt^jo  and  among  the  Secondary  rocks  to  the  south  of 
L^ina,  where  they  are  accompanied  by  beds  of  lignites. 

JjCdd. — ^Lead  mines  also  abound,  although  many  of  them.  Lead, 
^^pposed  to  be  susceptible  of  great  development,  produce, 
^*i  yet,  but  little  ore.  The  most  important  seem  to  be  the 
^ines  of  Mertola,  near  the  Guadiana.  These  contain  ga- 
*exia  yielding  seventy  per  cent  of  lead  and  fix)m  five  hun- 
^ired  to  six  hundred  grams  of  silver  per  ton.    The  carbon-     Argentiferons 

.  .„  galena,  etc 

^^s  which  accompany  the  galena  are  sometimes  still  more 
^^entiferous.  Lead  sulphate,  crystallized  and  amorphous, 
^Iso  accompanies  the  ores.  Sometimes  tetrahedrite  accom- 
l>Bnies  lead  ores,  which  then  carry  from  950  to  1,000  grams 
^^  silver  per  ton. 

Copper. — The  principal  copper  mines  are  in  the  Evora   copper, 
district,  where  a  considerable  number  of  veins  are  found  in 
^xaDites  and  porphyries.    Another  importan  t  deposit  is  that 
of  Palhal,  in  Aveiro. 

The  great  metalliferous  district  of  the  Spanish  province 


'The  Portagnese  fathom  is  86.56  inches  EDglisb,  and  the  above  area  is 
'^^•rly  12  acres. 
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POBTUGAL. 

Copper. 
Tin. 


Zinc. 


Anthracite. 


Lignite. 


Salt. 
Production. 


Qnarries. 


of  Huelva  also  extends  into  Portugal,  and  great  bodies  or 
cupreous  pyrites  are  found  in  Saint  Domingos,  Aljnstral^ 
and  Orandola. 

Tin. — ^Tin  is  found  in  the  granites  near  Porto  and  else- 
where, and  as  fluvial  deposits  in  a  large  number  of  locali- 
ties, but  in  small  quantities. 

Zine. — Zinc  is  represented  in  Portugal  chiefly  by  blende, 
found  in  association  with  galena.  Blendes  occur  which  are 
so  argentiferous  as  to  be  classed  with  silver  ores. 

Portugal  possesses  also  mines  of  manganese,  antimonj, 
nickel,  cobaJt,  and  silver. 

There  are  seams  of  anthracite  near  the  Devonian  schists 
of  the  mountains  of  Vallengo  and  of  Bussaco,  as  well  as  a 
certain  amount  of  Carboniferous  territory  to  the  southeast 
of  Alcacer  do  Sal.  There  are  also  Jurassic  lignites  to  the 
south  of  Leira  and  in  the  mountains  of  Buarcos.  The  coal 
mines,  however,  are  not  worked  steadily,  as  they  are  scaniely 
profitable,  though  the  coal  is  of  good  quality. 

Salt — There  are  no  less  than  1,200  salt  marshes  ou  the 
coastof  Portugal,  and  their  product  is  estimated  at  22,000,000 
hectoliters.  In  1866  246,000  tonnes,  worth  1,400,000  fr., 
were  exported. 

There  are  over  800  quarries  in  Portugal,  yielding  marble, 
granites,  slates,  clays,  sand,  etc. 

The  mining  industry  of  Portugal,  while  it  is  not  unim^ 
portant,  is  subject  to  great  fluctuations. 

The  following  is  the  mean  annual  production  of  the  Porta — 
guese  mines  for  the  periods  named : 


Mean  annnal 
prodaction  of 
metals  and  coal: 
1861-1872. 


Ores. 


Cnpreons  pyrites . . . 

Copner 

Leaa 

Antimony 

Tin -.   . 

Coal 

Manganese 

Argentiferous  xinc. 

Nickel 

Silver 

Ironp3rTites 

Iron 


Total. 


1851-1860. 


T/nin<M   I  Value  in 
Tonnes,     jj^^^ 


8,956 

1,235 

050 

60 

12 

15, 462 


300,000 
309, 000 
211,  000 
17,000 
17,000 
372,000 


26,679    1,226,000 


1861-1870. 


Tonnes. 


Value  in 
ftuncs. 


235,840 

4,227 

2,931 

164 

7 

19,002 

8,832 

16 

5 

1.2 
23 
1,340 


7,005. 000 

1,022, 000 

638,000 

50,000 

17,000 

678,000 

611, 000 

2,000 

2,000 

500 

500 

17,000 


272, 888.2  9,942, 000 


1871-1872. 


Tonnes. 


Value 
fnoi 


146,894 

1.892 

2,213 

19 


4,333, 

45^,  mm 

5v  SCO 


12,887!    ao&^aw 

14,226  :  1,220;  (W 


2,423 


180,054 


24  AW 


fl^833;5M 


1 

^ 
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Table  showing  the  erportatUm  of  Portuguese  ores. 

Lead. 

Copper. 

Tin. 

Tern. 

Tonnes. 

Value  in 
firancs. 

Tonnes. 

• 

Value  in 
franca. 

Tonnes. 

Value  in 
francs. 

• 

1888 

915 
111,873 

85.693 
140,739 
274,363 
117,  b67 
181.690 
222,025 
168,054 
107,776 

61,773 

6,969,844 
^  471, 238 
4,898,383 
7.011,494 
9, 178, 966 
5, 673, 705 
9,077,688 
11. 027, 777 
8,275,722 
8,809,155 
8, 115, 200 

1617 

239 
951 
2,616 
1,039 
2.828 
1,503 
1,408 
1,127 
863 
1.288 

72,472 
136.972 
383,022 
237,938 
316,788 
249,466 
260,305 
808,316 
278,550 
456,744 

U88 

I80 

\m 

10 
129 
91 
57 
28 
83 
58 

14,861 

1871 

80,477 

1872 

43,861 

1878 

91,372 

1874 

26,005 

1875 

10^494 

1876 

21,677 

POin'UGAL. 


Exportation  of 
ores: 


1868-1870. 


Tean. 

Iron  and  manganese. 

Phosphate  of  lime. 

Tonnes. 

Value  in 
tnxkcs. 

Tonnes. 

Value  in 
francs. 

1886 

619 

1,809 

5,223 

12,994 

14, 428 

4,442 

21,444 

30.945 

35,009 

43,822 

21,569 

59,533 

103,616 

498,500 

442,661 

650.872 

217,616 

1,424.388 

1,803,816 

1,216,450 

787,572 

550,505 

7 
48 

460 
72 

408 

36.427 

1887 

1868 

4,083 
23,161 
12,500 
17, 027 

1868 

1870 

vm 

W72  ...      

1,817 

154 

357 

4,470 

2,002 

07,344 

8,555 

11,300 

164,355 

76,500 

1873...    

1874.... 

1875...     

1876 .■.'.■;.*.';:;.*.': 

Exportation 
of  phosphate  of 
Umo: 


1866-1870. 


The  consumption  of  metals  in  Portugal  was  as  follows  in  ©f  nS^f^'*^***" 
^e  years  named : 


Metals. 


?Jfi tonnes. 

^otunony do... 

Jrajbilvcr do  .. 

£?pp«.. .......!.!^...... !!.!*. !!.""!. .!i.'.ido!.! 

1^ do... 

4f^ do  .. 

^^  :•  ;:-::.::;::;::::::::::::;:;:::t.:: 

gjc do... 

^^ grams. 

oiEMinom   do... 

**^r do... 


1873. 

1874. 

968 
11 

1,020 

1 

16 

23 

362 

303 

240 

274 

76 

04 

24,033 

1,130 

824 

22,684 

1,143 

231 

163 

145 

73,507 

4,780 

223,877 

88,700 

2,280 

04,760 

1875. 


1873-1875. 


1,100 

5 

21 

324 

157 

03 

28,838 

1,267 

227 

236 

80,500 

101, 115 

172,430 


The  following  table  gives  the  exportation  of  crude  and  ^J^******®  **' 
^annfactured  metals  from  Portugal : 


Metals. 


?^^el tonnes. 

f:*^ do... 

^!::::;::;::;::;;::.;;:;;:::::;:::::;:::::t:: 

£J5«i do  .. 

£^*P^*« ^**-' 

^'I'Ms do  .. 

xJUcktavcr do... 

^c do  .. 

^[^ grams. 

^▼er fdo... 


1873. 


02 
54 
51 

1 
1,665 

3 
06 


145, 010 
2,552,808 


1874. 


135 

20 

104 


1,210 


06 

4 

2 

22,252 

2,624,500 


1875. 


1878-1876. 


114 

140 

272 

18 

1,713 

11 

85 


23,848 
498,006 


21  p 


-TOL4 
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roBTUGAL.         The  direction  of  the  mine  of  Saint  Domingos  prescnte 

^^ri^^j^neo^at  the  Exposition  a  pamphlet  containing  a  very  graphic  ac 

coant  of  the  difBcalties  encountered  and  of  the  work  ac 

comph'shed  at  that  important  mining  locality.    As  is  weL 

knowg,  the  enormously  developed  pyrites  industry  of  Greal 

Britain  largely  depends  upon  material  from  this  mine.  Be 

sides  the  interest  which  the  description  derives  from  tliese 

facts,  it  will  be  refreshing  to  some  readers  to  turn  from  the 

statistics  which  enter  so  largely  into  the  present  series  ol 

papers  to  an  account  of  the  industrial  and  social  conditions 

under  which  mining  enterprises  are  carried  on  in  Europe,  sc 

curiously  diflFerent  as  they  are  frx)m  those  prevailing  in  the 

United  States.     Almost  the  whole  of  the  Notice  mr  Ic 

mine  de  pyrite  cunoseuse  de  8,  Domingos  is  therefore  hen 

translated. 

Mine  of  Saint  Domingos, 

Geographical     In  the  midst  of  an  arid  and  rocky  country,  at  a  distaue 
lUSo.      ^      ^  of  about  nine  miles  from  the  Guadiana  River  and  of  neari 

tliirty  miles  from  the  sea,  is  situated  the  cupreous  pyrite 
mine  of  Saint  Domingos,  in  Portugal.  It  lies  in  the  <xm 
celko  or  commune  of  Mertola  (Mytilis  Julia  of  the  Bomane 
belonging  to  the  administrative  district  of  Lower  Alemt^j 
the  chief  town  of  which  is  Breja. 
Geological  iic-  Ocological  sTcctch, — ^The  geognostic  character  of  this  pa; 
^     ^°  of  the  country  is  almost  identical  with  that  of  the  metalli 

erous  district  of  the  province  of  Huelva,  in  Spain.    Here 
as  in  the  neighborhood  of  the  deposits  of  pyrites  of  TharsiV 
and  Bio-Tinto,  as  at  Aljustrel,  and  at  Grandola,  which  form 
a  sort  of  prolongation  of  the  same  zone  towards  the  west, 
the  metamorphism  of  the  schistose  rocks  is  verj*  pronoauoed. 
For  a  long  time  this  part  of  the  country  was  classified  as 
belonging  to  the  Devonian  period,  and  the  rocks  about  the 
mine  were  considered  as  completely  Azoic.    The  investiffa- 
NeryDoigardo.  tious  which  M.  !N"ery  Delgardo,  a  Portuguese  geologist  of  the 
highest  merit,  has  recently  made,  lead  to  the  conclusion  that 
the  zone  just  spoken  of  belongs  to  the  Silurian  epoch,  and 
shows  perfectly  distinct  traces  of  organic  fossils.    In  a  verj' 
interesting  paper  which  M.  Delgardo  presented  to  the 
De<inction8  Eoyal  Socicty  at  Lisbon,  he  set  forth  the  reasons  which 
fd^caf  ^^<  have  led  him  to  consider  these  rocks  as  a  formation  by  them 
SfatSfn!*     ^  **^  selves,  having  no  connection  with  the  other  geological  re 

gions  of  the  peninsula.  From  examination  of  the  cast)  of 
fossils  which  he  has  found  in  the  course  of  his  researches^ 
and  of  the  geological  phenomena  the  tracer  of  which  U^ 
has  studied  and  compared  in  detail,  M.  Nery  Delgardo  draw^ 
inductions  equally  ingenious  and  plausible,  which  enable  u^ 
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to  follow  step  by  step  in  their  geological  succession  the  vi-     roRTuoAL. 
dssitades  which  this  part  of  the  terrestrial  crust  has  under-  ^^e  of  saint 
goue  at  the  remotest  period  of  the  earth's  history. 

The  succinct  nature  of  a  notice  like  the  present  scarcely 
permits  of  our  drawing  more  largely,  as  we  should  be  trul}^ 
pleased  to  do,  upon  geological  and  paleontological  disser- 
tations which  form  the  matter  of  M,  Nery  Delgardo's  me- 
moirs. 

Overlying  the  sahlbands  which  limit  the  mass  of  pyrites,  ^hsSujtw*^^^^*^ 
as  well  as  in  the  barren  country  rock  which  formerly  cov- 
ered it,  are  found,  among  argillaceous  schists,  the  croppings 
of  which  predominate  everywhere,  silicates,  grauwackes, 
aud  numerous  quartzose  veins,  which  the  metamorphism  of 
the  sabsoil  has  given  rise  to  among  micaceous  or  talcose 
schists,  the  whole  being  covered  with  detritus.  From  the 
decomposition  of  these  rocks  there  has  been  formed  a  clay 
impregnated  with  hydrated  oxide  of  iron  of  a  reddish  color 
and  a  variable  hardness,  which  envelops  the  pyritous  ore 
body  of  Saint  Domingos. 

Mineralogical  cluiracter. — ^This  mine,  although  inclosed  ^j^^M^oraiogicai 
ill  schists,  does  not  take  the  form  of  a  vein  or  exhibit  a 
banded  structure ;  it  may  be  classed  rather  as  a  bedded 
inass,  the  axis  of  which  is  nearly  horizontal.  Its  outline 
ought  be  called  navicular,  or  boat-shaped,  for  it  is  six  hun- 
dred meters  in  length  and  sixty  meters  wide,  and  thins  out 
ID  all  directions. 

The  strike  of  the  deposit  is  very  nearly  W.  N.  VV.  and  E. 
8.  E.  In  its  general  character  it  offers  many  points  of  resem- 
bhnce  to  the  pyritous  masses  of  the  same  kind  in  Germany 
and  Upper  Italy. 

The  ore  is  a  cupreous  pyrites  of  iron.    It  contains,  by  dry    Anaiyria. 
assay,  an  average  of  2.75  per  cent,  of  copper  and  45  to  50 
per  cent,  of  sulphur,  accompanied  by  sulphides  of  iron  and 
the  other  compounds  which  are  generally  found  in  the  an- 
%sis  of  pyrites  of  a  similar  nature. 

Archcdology. — ^At  the  mine  of  Saint  Domingos,  as  well  as  at    Arohajoiogy. 
the  others  in  the  same  district,  and  at  those  of  Tharsis  and 
Ko-Tinto,  in  Spain,  plain  evidences  of  extensive  operations 
^y  the  Eomans  are  met  with,  as  well  as  vestiges— though      Evidences  of 
^mewbat  indistinct— of  still  more  ancient  workings,  which  more      ancient 
iiave  been  ascribed  to  the  Phenicians  or  the  Carthaginians. 
^^t  has  given  rise  to  this  supposition  is,  among  other 
things,  a  marked  difference  in  the  degree  to  which  the  raw 
ntaterial  has  been  exploited.    This  difference  has  been  ob- 
8^ed  between  the  upper  beds  of  the  slag  dumps  i6ft  by 
the  ancient  miners  about  the  mine  and  the  underlying  slags. 
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TORTUQAL.  .  However  this  may  be,  the  Boman  workings,  as  is  proved  bj 

Pyrites  mine  of  the  coiiis  fooiid  in  the  couTse  of  the  excayations,  took  plaa 

omingoB.  ^^  ^^^  period  between  the  latter  portion  of  the  reign  of  Au 

gastus  or  the  saccession  of  Tiberius  and  the  partition  of  th( 

tboR^^n  work-"^"^^^  Empire  under  Theodosius,  a  period  of  about  thm 

ins«.  centuries  and  a  half.    The  vestiges  found  of  a  settlemeni 

also  date,  in'^U  probability,  to  this  epoch,  and  are  numeroai 

and  interesting.    There  have  been  found,  in  the  center  of  th< 

.  , .,  5**™*^«>«o' excavations,  foundations  and  other  remains  of  habitations 

pedestals  and  fragments  of  columns,  the  latter,  however,  ii 
small  number  and  without  artistic  finish.  There  have  al8< 
been  found  along  the  valley  into  which  the  drainage  tunne 

Sarcophagi,  opcus,  rows  of  sarcophagi,  covered  with  flags  of  the  loca 
schist,  placed  at  small  depth,  and  still  containing  bonee 
which  fell  to  dust  on  coming  into  contact  with  the  air.  Ii 
later  excavations  have  been  found  vestiges  of  the  crematioi 

urna.  of  bodics,  the  ashes  being  inclosed  in  little  urns;  others,  stil 

smaller,  are  evidently  what  are  called  lachrymal  urns.  Beside: 

Pottery.  these  objects  a  great  quantity  of  pottery  has  been  exhumed 
for  the  most  part  in  fragments.  It  is  greatly  to  be  regrettei 
that  the  awkwardness  of  the  workmen  employed  in  the  e5 
cavations  has  prevented  the  recovery  of  these  precious  relic 
of  the  past  in  good  condition. 

Among  the  relics  of  mining  operations  the  most  remarl 
able  are  unquestionably  the  great  wooden  wheels  whi< 

Ancient  norias.  wcrc  fouud,  like  thosc  iu  the  mines  of  Tharsis,  in  a  state 
perfect  preservation,*  and  which  were  used  in  pumping  01 
water.    These  wheels,  to  the  number  of  ten,  are  fumisli.€ 
with  buckets  upon  their  circdmferences;     Eight  of  the: 
were  16  feet  in  diameter  and  two  others  were  12  feet. 

Ancient  adits.  The  adits  which  the  ancients  drove  to  drain  the  mine 
have  answered  the  purposes  of  the  modern  exploitation  afte 
having  been  suitably  enlarged.  The  Eoman  workings  reael 
a  depth  of  66  feet  below  this  gallery  in  places.  Being  iii 
search  only  of  rich  ores  they  left  standing  what  seemed  t€ 
them  of  low  grade.  As  a  consequence,  their  workings  are 
very  irregular,  a  fact  which  has  caused  the  modem  com- 
pany great  inconvenience  and  excessive  cost  in  retimbering. 

Present  vrork-  Prescut  wovJcings. — The  mine  is  worked  on  levels,  of  which 
there  are  at  present  three.  The  first  is  opened  at  a  deptn 
of  40  feet,  the  second  is  52  feet  lower,  and  the  third  is  80 
feet  below  the  second.  The  upper  two  levels  are  nowun 
covered  by  the  removal  of  the  barren  ground  overlying  tU^ 


►  I » 

*  As  is  well  known,  the  absence  of  decay  in  the  wood  fonnd  in  the^ 
mines  is  due  to  the  presence  of  cnpric  sulphate,  formed  b^'  the  nature 
decomposition  of  the  pyrites. — G.  F.  B. 
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deposit.     The  principal  galleries  are  driven  as  nearly  as     roimjGAL. 
possible  parallel  to  tbe  axis  of  the  deposit  and  in  contact   PyHtMmineof 
with  the  north  and  south  sahlbands.    The  other  excavations     °    ^"  ""**'' 
particalarly  Cbnform  to  the  method  of  winning  in  ''by  cross- 
cutting,''  and  extend  from  one  drift  to  the  other  for  nearly 
the  whole  distance.    Two  levels  below  those  just  mentioned    ^^  workings, 
are  now  being  opened  up.    Formerly  there  were,  besides,  a 
nnoiber  of  shafts  sunk  from  the  surface  vertically  upon  the 
ore  deposit,  which  were  employed  for  the  extraction  of  the 
ore.  The  working  of  the  mine  having  been  undertaken  as 
an  open  cast,  as  will  presently  be  seen,  these  shafts  succes- 
sively disappeared  by  the  removal  of  the  ground  through 
which  they  passed.    There  remain  only  those  portions  which 
were  snnk  in  ore ;  these  serve  to  ventilate  the  lower  work- 
ings and  maintain  direct  communication  between  the  dif- 
ferent levels. 

The  principal  excavations  in  the  ore  body  are  of  the  fol- ,,  sizesof  excava- 
lowing  dimensions : 

Drifts,  6  ft.  6  in.  X  6  ft.  C  in.  to  24  ft.  x  26  ft. 

Crosscuts,  C  ft.  X  3  ft.  9  in.  to  13  ft.  x  20  ft. 

The  apparently  excessive  size  of  some  of  the  drifts,  espe- 
cially in  the  upper  levels,  was  unavoidable  on  account  of  the 
frequent  occnn'ence  of  ancient  excavations,  which  it  was 
necessary  to  unite  by  arched  passages  of  23  ft.  to  26  ft  in 
height,  for  safety  in  working. 

The  dimensions  of  the  shafts  below  the  timbering  are  or- 
dinarily 7  ft.  4  in.  X  3  ft.  8  in.  in  those  portions  which  pass 
through  solid  overlying  rock,  and  6  ft.  7  in.  x  8  ft  3  in.  in 
the  ore. 

The  quantity  of  pyrites  extracted  from  the  mines  from  the         EsUmaied 
first  workings  to  the  end  of  the  year  1877  is  shown  by  theruf?    oxtwctc\i 
following  figures :  Ancient  excavations,  estimated  approxi-  "^  ** 
'Dately  at  150,000  cubic  meters ;  modern  excavations,  659,67 1 
cubic  meters  j  total,  809,671  cubic  meters,  or  about  3,578,745 
tons  English. 

Breaking  ground  in  is  performed  under  contract,  on  a  sys-  tem^?\"^iS"' 
tern  which  has  long  been  usual  in  the  peninsula.  The  ground. 
Diiiiers  are  paid  so  much  per  cubic  meter,  and  the  price  in- 
cludes the  cost  of  tools,  powder,  dynamite,  and  other  neces- 
^  materials,  which  are  furnished  the  miners  by  the  com- 
ply at  cost  price.  The  manufacture  and  repair  of  tools  is 
Pn)vided  for  on  the  spot,  and  the  smiths  are  paid  a  fixed 
^^  for  making  each  implement.  These  mechanics  are  em- 
ployed exclusively  in  working  for  the  miners,  and  the  labor 
*8  at  their  cost,  while  the  fuel,  the  anvils,  and  all  the  forge- 
ilttings  are  furnished  by  the  company. 
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roKTuoAL.         Ill  order  to  diminish  the  cost  and  facilitate  the  execution 

of  winning  in,  to  enable  the  complete  extraction  of  the  or« 

pyritcflmmeof  ^th  a  minimum  of  danger  to  the  men,  and  above  all  to  at- 

Saint  Domingos.  '^  ' 

tain  an  increased  rapidity  in  the  workings  and  a  larger  out- 
put, the  removal  of  the  overlying  material  was  nndertakeD 
in  the  year  1867.    This  barren  ground  had  an  average  thick- 
Ri-movai  of  the  npss  of  32  mctcrs.    The  project  was  put  in  execution  as  soon 

wholo  overlying  r     o  x 

deposits.  as  conccivcd,  with  the  approbation  of  the  Portuguese  Crov- 

ernment,  the  liberality  and  good  will  of  which,  it  should  be 
said,  has  greatly  facilitated  the  execution  of  enterprises  on 
a  large  scale.  This  work  is  already  considerably  advanced, 
and  has  produced  very  perceptible  results  in  diminishing 
the  cost  of  the  winning  in  of  ore     The  greater  portion  of 

laKarc^  ^^^  the  dcposit  is  now  laid  bare.    The  position  of  the  ore  body, 

which  forms,  so  to  speak,  the  core  of  a  hill  rising  in  nearly 
equal  slopes  from  the  surrounding  valleys,  has  made  the 

systemof work,  execution  of  the  cuttings  much  easier.  After  the  removal 
of  the  surface  an  excavation  was  first  made  in  the  center  of 
the  high  ground.  Tunnels  were  then  run  from  the  bottom 
of  this  excavation  to  the  external  slopes  of  the  hill.  These 
tunnels  were  run  on  a  grade  sloping  outwards,  an<l  were- 
made  of  sufficient  size  to  accommodate  locomotives  andi 
cars.  Through  them  the  remaining  material  forming  the 
wall  of  the  crater  like  pit  was  removed.  A  system  of  suet 
tunnels  was  established  on  each  of  the  several  levels  upoH 
which  the  removal  of  the  barren  rock  was  undertaken. 

187?'*^°^'  "P  ***     The  amount  of  material  received  in  this  way  up  to  Hm^ 

end  of  1877  reaches  the  large  figure  of  2,488,824  cubic  m« 
Cost.  ters.     The  work  has  cost  £225,000  sterling.    The  enormocz: 

mass  of  earth  removed  has  nearly  filled  up  the  valleys  si&^ 
rounding  the  mine. 

thf  om^'**^  **'  -EJar^'oc^ion  of  tlie  ore. — The  ore  was  formerly  drawn  o"^ 
by  mules,  but  this  operation  is  now  eflFected  entirely  1= 
steam-power.  For  this  purpose  tunnels  have  been  piero^ 
from  the  mine  to  the  slopes  of  the  hill,  with  a  downwa^ 
grade  toward  the  outer  end.  The  upper  tunnel,  whi.^ 
serves  to  extract  the  ores  from  the  open  cuttings  and  tJ 
nearest  underground  workings,  has  a  grade  of  only  5  p^ 

^.^Mine  locomo-cent.     Transportation  was  effected  by  locomotives  of    * 

horse-power.  The  timbering  of  this  tunnel  liaving  been  d' 
stroyed  by  fire,  and  the  ground  about  it  having  been  coi 
siderably  disturbed,  it  was  considered  prudent  to  remov 
the  overlying  ground  and  convert  it  into  an  open  roadwaj 
In  the  removal  of  the  pyrites  obtained  from  the  lower  level 
Inclined  planes,  the  orc  has  to  surmouut  an  incline  of  30  per  cent.,  and  tjaim  - 
portation  is  eflFected  by  buggies  or  cars  dracvni  by  a  wi:» 
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rope,  which  is  attached  to  a  fixed  steam-eDgine  of  90  effect- fonruQAL. 

ive  horse-power,  set  at  a  distance  of  180  meters  from  the   p^Titesmiueof 
moutli  of  the  tanueL    This  engine  operates  a  dram  of  large    "*     ^  bo» 
diameter,  about  which  the  iron  rope  passes.    Steel  ropes         stationary 
have  of  late  been  substituted  for  iron.    Another  engine  on  and  wiix)  ropw 
the  same  plan  is  now  being  set  up  to  answer  the  demands 
of  the  increasing  output  from  the  lower  levels.     A  third 
engine  is  employed  in  pumping  the  water  from  the  mines,  Popping  cngiu« 
the  pamp  being  single-acting  and  of  large  diameter.    The 
pomping  rods  rest  on  cast-iron  rollers  fixed  tvt  tlie  top  of  tall 
wooden  trestles.    In  preparation  for  the  time  when  aU  min- 
eral capable  of  removal  by  tunnels  and  inclined  planes  shall 
have  been  extracted,  two  shafts  of  large  diameter  have  been         shafts  for 

..-__  ',  ,.  _  -  lower  loveU. 

Started.  They  are  sunk  at  some  distance  to  the  south  of 
the  deposit,  and  are  designed  for  hoisting  from  any  depth 
hj  means  of  steam-engines. 

IjocoI  treatment  of  the  ore. — The  problem  of  treating  on  ^^.^t^the^ 
the  spot,  with  least  possible  cost,  ores  too  poor  to  pay  for  ex- 
portation is  a  very  difficult  one  to  solve.    Tiiis  is  so  much 
^e  more  the  case  as  the  usual  plan  for  the  treatment  of 
pyrites  includes  roasting,  which  must  naturally  be  carried 
oiit  on  a  large  scale.    But  preliminary  trials  on  the  ground 
^rouaed  most  energetic  protests  on  the  part  of  proprietors 
^d  farmers  in  the  neighborhood,  who  complained  of  the       inflaenoe  oi 
^mage  done  to  the  surrounding  vegetation  by  the  sulphur-  fSSiee' on  ^n'SS!! 
^Q8  fames.    Even  the  spontaneous  and  purely  accidental  JjJ^s    vegeU 
'^dUng  of  certain  piles  of  ore  aroused  seditious  and  men- 
^^g  movements  among  the  country  people,  and  it  conse- 
quently became  necessary  to  abandon  this  method  of  treat- 
^^^Txt    Operations  are  hence,  for  the  time  being,  limited  to  enfSjSrotloS^ 
^^^hing  the  ores  and  saturating  them  with  water  from  time  poor  ore*. 
^  time.    With  patience  and  the  lapse  of  years  the  copper 
^iU  be  extracted  in  a  soluble  condition  and  subsequently 
I^itHupitated  in  tanks  by  cast-iron. 

Exportation. — The  transportation  of  the  pyrites  from  the   Exportatiou. 
*^e  to  the  port  of  shipment  is  performed  by  a  railway  of  3 
^t.  G  in.  gauge  and  locomotives  averaging  55  horse-power. 
"Ihe  distance  is  about  11  miles  (17^  kilometers),  but  upon 
tarts  of  the  road  the  action  is  automatic,  the  grade  being    RaUway  to  tuc 
*ich  that  the  cars  descend  without  traction.    At  the  bot-  *^* 
torn  of  the  first  down-grade  the  cars  are  attached  to  the  lo- 
^motives  and  drawn  up  the  ensuing  up-grade,  after  which 
tl^ey  descend  as  before.     This  method  of  transportation 
^<H^mplishcs  a  certain  economy  of  fuel,  the  consumption  of 
^^hich  is  very  great  upon  the  steep  up-grades. 
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poBTUQAL.        xiie  constmction  of  the  raQway  from  the  mine  to  the  ship- 
ping port  on  the  Goadiana  was  accomplished  in  spite  of 
sJ^^^^^  serious  difficulties  arising  from  the  broken  and  mountainous 
character  of  the  country  to  be  crossed.    It  was  necessaiy 
either  to  leave  slopes  of  1  in  19  or  to  employ  very  powerful 
locomotives  for  the  haulage  of  the  ore,  while  in  some  places 
curves  of  50  meters  (164  ft.)  radius  had  to  be  passed,  ren- 
dering locomotives  with  a  very  short  base  essential    On 
denttoSo tn^  ^^^  Other  hand,  innumerable  d^culties  had  to  be  overcome 
ffilTmtoes  to'itSS  ^^  couducting  the  traffic  demanded  by  the  exportation  <rf 
GnadiaDa.         the  pyritcs  upou  such  a  road,  with  freight  carried  amounting 

sometimes  to  200,000  tons,  or  thereabout,  per  annum.    If 
there  be  further  taken  into  consideration  the  difficulties 
arising  to  the  management  through  the  excess  of  costs  over 
profit,  and  the  dearness  of  fuel,  which  has  to  be  imported 
wholly  from  England,  it  will  be  readily  seen  that  the  trans- 
portation of  the  pyrites  to  the  point  of  shipment  is  one  <^ 
the  largest  elements  in  the  price  of  our  ores. 
KaUway  plant     Tweutyfour  locomotivcs  are  in  use  at  Saint  Domingos; 
of  these  the  more  powerful  are  used  on  the  railroad  to  Po- 
mar3o,  and  the  others  on  the  different  roads  within  and  with- 
out the  mine  for  removing  the  barren  material  overlying 
the  ore,  etc.    There  are  791  cars,  without  counting  the  side- 
dump  cars,  exclusively  used  in  terracing  work.    The  lollin 
stock  represents  a  total  value  of  £83,342. 
Ore  exported.       The  wholc  qfoautity  of  ore  exported  since  the  commence- 
ment of  operations  at  the  mine  up  to  the  end  of  187 
Lowprade ores amouuts  to  2,325,802  metrical  tons.    About  036,864  tons 
Sent***^*  ^'^^^  low-grade  ore  have  been  set  aside  for  metallurj^icid  treat 

ment  on  the  spot. 
KmbarkatioiL      Embarkation. — K  the  construction  of  a  railway  across  t 
country  so  broken  as  that  through  which  the  Guadla 
runs  was  an  enterprise  beset  with  difficulties,  the  establis 
ment  of  a  shipping  port  for  Hie  large  quantities  of  ore 
scarcely  less  so.    It  was  necessary  to  choose  a  i>art  of 
river  at  which  a  minimum  distance  from  the  mine  should 


Difficnity  in  combined  with  a  sufficient  depth  of  the  channel  to  pencil  it 
abippingport     of  ucccss  to  stcamcrs  of  dccp  draught.     But  Just  at  i 


point  where  these  advantages  were  combined  the  hills 
scended  very  steeply  to  the  banks  of  the  river.    The 
tion  of  a  port,  the  establishment  of  buildings,  aud  the  ofboi* 
necessary  constructions  here,  lioc  opusy  hie  labor  est!    Peanse- 
verance  and  the  liberal  use  of  capital,  however,  overcame 
the  obstacles  which  the  nature  of  the  country  offered  t:o 
these  plans. 
The  commencement  was  made  by  constructing  a  qa.^^y 
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a/oDg  which  the  ships  were  to  anchor.  The  surface  of  the  quay     pqbtugal. 

was  raised  to  the  level  of  the  railroad  from  the  mine.    Bails 
were  then  laid  to  chates  in  the  quay,  projecting  to  a  point  saTnT^mingoB^ 
above  the  holds  of  the  vessels  to  be  loaded,  and  lined  with 
boiler-plate.    On  reaching  these  chates  the  cars  are  tipped  ^,^°ua2SSk.  °" 
oa  a  rocker,  damping  their  contents  directly  into  the  vessel. 

The  perfect  success  of  this  arrangement  has  led  to  the 
constmctionof  a  second  qnay  at  a  short  distance  from  the 
first.      By  these  means  1,500  to  2,000  tons  can  be  loaded  per ,    „  capacity  of 

_       . -^  '  loauing  arrange- 

day  u  necessary  without  much  difSculty.    The  problem  of  menu, 
the  embarkation  of  ores  having  been  solved,  the  next  step 
was  to  build  a  village  for  the  accommodation  of  the  neces- 
sary  employes,  and  to  construct  warehouses,  offices,  etc. 
^or  this  purpose  it  was  necessary  to  make  cuttings  in  the 
slopes,  remove  rocks,  fill  ravines,  and  open  up  roads  where 
^61^  had  been  mere  trails,  accessible  only  to  the  goats  and 
herdsmen  who  till  then  had  been  the  solo  inhabitants  of 
^cse  regions.    At  last  the  port  of  PomarSo  was  estab-    Theport^fPo. 
^hed,  a  port  now  well  known  and  annually  frequented  by"* 
^^^  than  400  sailing  ships  and  steamers  of  a  capacity  of 
^m  250  to  1,500  tons.    Two  tugs  are  kept  upon  the  river 
^^^  towing  the  sailing  ships  from  the  bar  of  the  Guadiana 
^  the  port  of  Pomardo,  a  distance  of  30  English  miles. 

"Iliere  are  at  Pomardo  a  large  number  of  warehouses,  offi-     The  buiidiDgA 
^^^,  dwellings,  etc.,  for  the  various  persons  to  whom  the  port 
pipping  of  the  ore  gives  employment  or  business.    A  por- 
^^u  of  these  buildings  was  destroyed  by  the  terrible  flood 
^^  the  Guadiana  which  occurred  from  the  6th  to  the  8th  of 
December,  1876.    This  flood,  the  most  disastrous  of  which    Tho  flowi  of 
^here  is  any  record,  produced  the  most  terrible  devastation,  ^««™^''  ^^^ 
^ot  only  at  PomarSo,  but  along  the  whole  course  of  the 
*^^er.    Constructions  of  the  most  solid  character,  which  had 
^'^^tisted  all  previous  inundations,  failed  to  stand  this  one, 
^^d  the  enormous  volume  of  waters  rushing  down  the 
fountains  swept  the  country  before  it  in  its  dizzy  course, 
*^ving  nothing  after  its  passage  but  a  vast  slough,  which 
^^vered  a  scene  of  fearful  destruction.    It  need  scarcely  be^i>««tnictioii  of 

j^_«  '■■.»  -■•.<■  t  -,      -m         Pomarao. 

'^^Q  that  Pomarao  was  completely  demolished  and  had  to 
^  reconstructed.  Happily,  these  terrible  phenomena  are 
^peated  only  at  long  intervals. 

On  the  bank  of  the  river  opposite  to  the  shipping  port  a    Arranjocumciits 
*^^^am  apparatus  has  been  placed  to  draw  up  cars  charged  last^*^*  ** 
^^th  ballast,  which  is  deposited  at  such  a  height  as  to  be 
^te  from  freshets.    Grave  inconvenience  would  otherwise  bo 
^^^^casioned  by  filling  up  of  the  channel.    A  steam-engine  of  9 
^oniinal  horse*power  draws  the  cars  up  the  hill  by  a  chain. 


/OAL. 
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The  mine  of  Saint  DomingoSy  buildings^  etc. — ^The  village 
known  under  the  name  of  Saint  Domingos  was  built  by  the 
j^of  Saint  company  which  works  the  mine,  in  the  immediate  neighbor- 
hood of  the  works.    For  nearly  twenty  centuiies,  ever  since 
it  was  abandoned  by  the  ancient  miners,  this  region  has 
been  a  desert,  occupied  only  by  wild  beasts  and  an  occa- 
sional goat-herd  with  his  flock. 
^•^^'^Fw^     As  soon  as  possession  was  taken  the  construction  of  a 
village  was  begun,  which  now  entirely  surrounds  the  hill  of 
Saint  Domingos.    An  enormous  building  was  erected,  which 
contains  the  lodgings  of  the  director,  the  offices,  the  labora- 
tory, the  billiard-room,  and  a  reading-room  for  the  recrea- 
tion of  the  employes.    The  latter  contains  a  library  and  the 
greater  part  of  the  journals  of  Portugal  and  of  the  princi- 
pal foreign  countries.    A  church,  dedicated  to  the  GathoUc 
worship,  stood  upon  the  highest  point  of  the  hill  of  Saint 
Domingos,  and  was  in  charge  of  a  priest,  whose  salary  was 
paid  by  the  company.    The  enlargement  of  the  ox)en  cast 
having  encroached  upon  the  site  of  this  church,  it  became 
necessary  to  demolish  it,  after  solemn  deconsecration,  leav- 
ing only  the  clock  tower,  which  remains  as  a  relic  of  the 
former  edifice. 

Eeligious  service  is  now  performed  provisionally  in 
chapel  which  has  been  consecrated  in  another  part  of 
company's  estate,  out  of  reach  of  the  workings. 

Among  the  buildings  is  a  hospital,  which  has  been  estal 
lished  for  the  gratuitous  treatment  of  the  workmen, 
which  is  attached  a  dispensary  where  medicines  are  fi 
nished  free  of  charge,  the  whole  being  under  the  care  of  r 
physician  and  an  apothecary  paid  by  the  company.    Thei 
are,  moreover,  a  number  of  stores  for  the  supply  of  food,  e 
and  500  dwellings  more  or  less  spacious.    Of  course  the 
are  various  foundries,  carpenter  and  machine  shops/smithi 
etc.    At  Saint  Domingos  motive  power  is  furnished  in  th 
shops  by  a  16  horse-power  engine.    There  are  also  spacio 
storehouses  for  the  supplies  of  the  company.     There 
Workmen  em-  fix)m  1,500  to  2,500  pcrsous  employed,  according  as  the  w 
^^  '  is  being  more  or  less  actively  pushed. 

For  the  purpose  of  making  the  works  of  Saint  DomiU; 
independent  of  the  efTects  of  the  natural  dryness  of 
country,  and  of  supplying  the  needs  of  the  constantly 
ing  number  of  steam-engines,  considerable  capital  has 
invested  in  the  construction  of  dams  in  the  rivers  and 
storage  reser-  vlucs  iu  the  surrouudiug  couutry,  which  admit  of  stor£&^ 
^** ""  of  a  sufficient  quantity  of  water  during  the  winter.    XTre 

neglect  of  this  precaution  might  be  followed  by  serioas  oon 
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^ 
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sequences,  since  the  great  heat  of  summer  dries  up  all  the     roprufiAL. 

water-courses  in  the  neighborhood,  and  even  the  springs  and      Baint  Domin 

wells.    The  largest  of  these  reservoirs  will  contain  from  ^^ 
5,000,000  to  6,000,000  cubic  meters,  and  sufQces  for  the  sup-    ^"*k®  "»«*'• 
ply  of  the  boilers  and  of  the  various  processes  of  saturation 
and  cementation.    There  is  even  a  project  for  the  employ- 
ment of  the  surplus  water  in  the  irrigation  of  lands  about 
the  mine.    These  lands  have  been  acquired  by  the  company 
with  the  intention  of  clearing  them  for  the  culture  of  such 
crops  as  are  adapted  to  the  climatic  conditions  of  the  place. 
^n^e  attempt  has  eveji  been  made  to  cultivate  barley  and 
o&ts,  to  serve  as  feed  for  the  mules  kept  at  the  mine. 

-^^  a  hygienic  measure,  and  for  the  purpose  of  modifying  culture  of  tiio 
*8  fSar  as  possible  the  natural  barrenness  of  the  country,  the  %J^  ^^^  ^ 
culture  of  the  JEucaiyptus  globulus  (better  known  in  America 
^8  tlie  blue  gum)  has  been  undertaken  in  all  suitable  posi- 
tione.  This  species  is  x)erfectly  adapted  to  the  climatic  con- 
ations and  to  the  soil  about  the  mine,  and  several  thousand 
^^  tie  trees  are  already  in  a  flourishing  condition. 

The  capital  represented  by  the  works,  the  railway,  rolling  capital  em 
®took^  etc.,  of  the  mine  and  its  dependencies  may  be  esti-  ^  ^^^ ' 
^^ted  at  £560,000.  The  general  direction  of  the  company 
^  ixi  London,  and  the  ores  are  exported  almost  exclusively 
^^  England.  A  beginning  has  been  made  looking  towai*d 
^^  manufacture  of  chemical  products  at  Lisbon  and  else- 
where, but  as  yet  only  on  a  small  scale. 

The  managing  director  is  Mr.  James  Mason,  who  has  been   James  Mason. 
^Uocessively  made  '*  Commander  of  the  Order  of  Christ,''  S?"*^"^ 

Saron  of  Pomarfio,''  and  **  Viscount  Mason  of  Saint  Do- 
^^xigos''  by  the  Portuguese  Government,  and  has  latterly 
^^^en  appointed  "  Commander  of  the  Order  of  Charles  the 
^^ird'^by  the  Spanish  Government.  The  commercial  ad- 
^Ministration  of  the  company  in  England,  which  is  not  less 
^Miportant  than  the  able  and  energetic  working  of  the  mine 
^^  Portugal,  devolves  upon  the  brother-in-law  of  M.  le  Vis- 
^^Tmt  de  Saint  Domingos,  Mr.  F.  T.  Barry,  who  has  been  r-  t.  Borry. 
^^vated  by  the  Portuguese  Government  to  be  "  Commander 
^^^  the  Order  of  Christ,''  and  promoted  by  a  decree  of  No- 
^^mber  22, 1876,  to  the  title  of  "  Baron  de  Barry." 

May  this  example  excite  the  emulation  of  the  Portuguese 
^^pitalists  and  lead  them  to  the  development  of  the  abun- 
^^nt  and  varied  resources  which  their  country  offers  to  their 
^^^rn  benefit  and  that  of  the  national  industry.  Domestic 
^^er,  persevering  work,  and  the  intelligent  application  of 
^^^pital  will  restore  Portugal  to  the  rank  she  formerly  occu- 
l^ied  among  the  jwwers  of  Europe. 


QBXIOK. 


GBBEOE. 


THE  GREEK  EJCHIBIT. 


The  cxhibita.  The  exiiibits  illastrating  the  mineral  industry  of  Greece 
possess  a  peculiar  interest.  The  ancient  mines  of  Attica,  he- 
longing  to  the  most  highly  cultivated  people  of  antiquity, 
were,  unquestionably,  worked  with  the  utmost  degree  of 
technical  skill  the  age  afforded.  While  other  ancient  mines 
are  obliterated  by  the  weathering  of  the  rocks  or  the  pres- 
sure of  the  surrounding  material,  or  have  been  worked  by 
succeeding  generations  till  every  trace  of  their  original  char- 
Ancient  mines  actcr  is  gouc,  many  of  the  mines  in  Attica  bear  every  ap- 

of  Attica.  /.,.!  «ii  irw^^ 

pearance  of  having  been  recently  abandoned.  The  very 
tool-marks  in  the  rock  are  so  fresh  that  the  form  of  the  im- 
plements is  apparent  and  nearly  every  detail  of  the  exploi- 
tation can  be  followed.  To  a  great  extent  we  can  also  infei 
the  methods  of  treatment  of  the  extracted  ore,  from  the 
relics  hidden  under  piles  of  slag  and  mining  waste.  Few 
ancient  writers  touched  upon  such  subjects,  and  if  anything 
like  technical  treatises  existed,  which  is  improbable,  they  arc 
lost. 

After  having  been  abandoned  for  a  couple  of  thousand 
years,  the  mineral  industries  of  the  country  have  been,  as  alJ 
know,  revived,  and  Greece— an  older  mining  country  tiiai 
Saxony  or  Transylvania — is  a  newer  field  for  mining  enter 
prise  than  Australia. 

It  is  principally  to  M.  A.  Cordelia  that  the  public  is  in 
debted  for  a  knowledge  of  the  ancient  and  the  modem  min& 
of  Greece,  and  from  two  of  his  publications.  La  Grecemir  I 
Rapport  Giologique  etMinSralogique^'PHnSjlSlSj  and  LeLau 
riumj  Marseilles,  1871,  nearly  all  of  the  following  informa 
tion  is  drawn. 

The  geology  of  Greece  is  in  a  very  unsatisfactory  concE 
tion  from  a  technical  as  well  as  from  a  purely  scientific  stana 
point.  The  lowest  known  beds  of  sedimentary  origin  ^ 
crystalline  schists  and  saccharoid  limestones.  The  age  of  thoH 
rocks  is  uncertain.  Paleontological  evidence  there  is  uexlK 
none.  M.  Cordelia  found  a  single  almost  obliterated 
print,  which  seemed  to  him  to  belong  to  a  Silurian  crii 
animal.  Dr.  Neumayer  found  a  Cretacean  fossil  {Ife 
near  the  foot  of  a  tower,  but  was  unable  to  find  it  afterw^^kx 
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in  the  oame  place.    Cordelia  believes  it  to  have  occurred  in  a      qh^^ck. 
buildiog  stone  from  elsewhere.    Mr.  Sauvage  also  regards 
these  rocks  as  Cretaceous,  arguing  from  analogy.  The  techni-  ^.9^'®^^  ^^' 
cally  important  point  involved  is  evident.  If  these  crystalline 
rocks  are  truly  Cretaceous,  there  is  hope  of  discovering  coal 
below  them.    If  they  are  SSilurian,  the  coal-bearing  meas- 
ures are  probably  wanting  in  Greece.    These  rocks  consti- 
tute a  very  large  proportiou  of  the  area  of  the  country. 

The  strata  which  have  been  identified  by  tolerably  pre- 
served fossils  belong  exclusively  to  Cretaceous  and  later 
eras,  especially  to  the  Tertiary,  which  is  well  represented. 
Plutonic  and  volcanic  rocks  are  also  largely  represented 
iu  Oreece  and  possess  some  technical  importance. 

Cdrold  is  found  in  some  fluvial  sands  of  Greece,  as  a  con-    g«w- 
stit^ent  of  one  bed  of  iron  pyrites  in  the  Morea,  and  accom- 
pan^ring  silver  in  argentiferous  lead,  but  the  known  occur-    suver. 
^^nc3es  of  this  metal  are  of  no  economical  importance. 

Ores  of  the  other  metals  obtained  in  Greece,  particularly        occuiTenc© 
of*  argentiferous  lead,  of  zinc,  and  copper,  occur  for  the  most  lUdTof  Snctllimi 
Pai^t  in  the  crystalline  and  metamorphic  rocks  to  which  ref-  ^^^^' 
^I'^cice  has  been  made,  though  the  granite  also  contains  veins 
^^^rrying  silver  as  well  as  of  manganiferous  iron  ores  and 
h^^vy  spar. 

The  principal  mineral  district  is  that  of  Laurium,  at  the^n««  of  Lau 
sonthem  extremity  of  Attica.    Here  the  ores  of  lead  and 
silver,  of  zinc,  and,  to  a  smaller  extent,  of  copper,  occur  some-  tij^owJr^Mead! 
tinaes  as  regular  veins  in  the  micaceous  schists,  and  occa-»u^er,  and  iinc. 

sionally  in  irregular  bodies  in  the  limestone,  but  for  the 

i^ost  part  in  segregations  and  beds  at  the  contact  between 

^'he  limestone  and  the  schists.     These  strata  have  been 

^ix>ken  through  by  recent  igneous  rocks,  to  the  influence  of 

^'^hich  the  formation  of  the  ore  deposits  is  ascribed.    The 

^^posits  are  of  great  extent,  as  is  proved  by  examination  of  ^^^«^*  <*'  ^* 

^be  ancient  workings  and  prospecting  shafts.    Thus,  at 

Oamaresa,  the  center  of  operations  of  the  Soci^U  des  Mines 

<*u  Laurium,  one  of  the  beds  has  been  shown  to  be  metal- 

^ferous  over  an  area  of  about  1 J  square  miles.    The  contact 

^^posits  are  from  1  to  7  meters  thick,  and  parallel  ore-bear- 

^g  beds  are  found  at  diflFerent  levels.    Of  these  the  ancients   Ancient  work- 

'^^cognized  four,  and  the  existence  of  other  deposits  below 

their  deepest  workings  has  been  proved.    It  is  plain  that  in 

^^  absence  of  labor-saving  machinery  the  ancients  cannot 

*^^e  cared  to  prospect  below  a  certain  depth.    The  ores 

^^isist  of  galena,  blende,  lead  and  zinc  carbonates,  copi)er  oi2?*^"  ^^  "^* 

^^phides,  and  carbonates.    Pyrites,  spathic  iron  ore,  etc., 

^^  also  constituents  of  the  deposits.    In  general,  the  main 
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of  workius. 


portion  of  the  ore  bodies  consists  of  galena,  more  or  less 
mixed  with  blende,  the  zinc  carbonate  occurring  on  the 

Mines  of  Lau.  :^alls  and  in  part  in  separate  deposits.  A  rare  mineral, 
adamine,  a  zinc  olivenite,  has  been  found  at  Laurium,  and 
seems  characteristic  of  the  zinc  deposits  there. 

The  mines  of  Laurium  were  worked  by  tlie  ancients  with 
great  energy,  thoroughness,  and  skill.  The  ore  deposits 
were  reached  by  vertical  and  inclined  shafts.  Tunnels  were 
not  employed,  and,  according  to  M.  Cordelia,  with  good 
reason,  as  the  dryness  of  the  mines  made  tunnels  unneces- 
sary for  drainage,  and  the  topography  is  unfavorable  to 
their  construction.  The  deposits  were  systematically 
worked,  the  veins  by  stoping  from  one  level  to  another, 
the  beds  by  pillars  and  stalls.  When  the  ore  was  tractable 
it  was  all  removed  and  pillars  of  dry  masonry  substituted. 
Where  the  galena  was  largely  mixed  with  blende,  which 
was  of  course  intractable,  pillars  of  vein  matter  were  left. 
In  thick  beds  two  floors  were  establi^ed,  as  is  now  often 
done  in  thick  coal  seams.  The  extraction  was  very  com- 
plete, even  metalliferous  wall-rock  being  removed. 

Masonry  piiioTB.     Dry  masoury  seems  to  have  been  exclusively  employed 
in  the  comparatively  few  cases  in  which  the  roof  or  walls 
•  needed  support. 

The  tools  used  in  bringing  down  the  ore  and  rock  appear 
to  have  been  picks,  bars,  and  sledges.    In  hard  rock  pick 
with  conical  points  were  used,  in  softer  material  the  poin 
was  pyramidal.     Contrary  to  Eeitmaier's  supposition, 
does  not  appear  to  have  been  employed  in  bringing  in  th 
rock,  which  is  not  of  an  appropriate  character  for  the  appli 
cation  of  that  method.    Traces  of  the  use  of  tools  are  ev 
where  met  with,  and  M.  Cordelia  has  found  a  gad  whic 
was  once  iron,  and  still  retained  its  shape  when  found 
though  completely  oxidized. 

Transportation  was  eflfected  by  slaves,  who  carried  tl 
ore  up  the  inclined  shafts,  probably  in  skin  sacks,  as  is  s 
the  practice  in  some  eastern  mines.    Water  must  have 
got  rid  of  in  the  same  way.    The  steps  in  the  inclines 
which  the  men  went  are  still  visible,  as  ^ire  the  niches 
earthenware  lamps,  some  of  which  have  been  found 
place.    The  use  of  the  perpendicular  shafts  is  not  altoget 
clear.    From  the  dumps  surrounding  them,  M.  Cordell 
strongly  of  the  opiuion  that  both  the  windlass  and  puZilcj 
were  known,  and  that  they  were  used  to  some  extent      /5w 

nhartJ*^"**^"^'^^  ^^^^®^8'    ^®  shafts  certainly  served  to  promote  vemeils- 

tion,  and  at  the  top  of  some  of  them  is  found,  oflset  Iro/zj 
the  main  opening,  a  sort  of  chimney,  in  which  a  lire  %ra^ 


Tools  used. 


Slavo  labor  in 
oarrylng  ore. 


^ 
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probably  built  to  increase  tbe  circulation  of  air.    Tbe  shafts      q^^ce. 
and  inclines  are  nearly  always  rectangular  and  of  about  4 
square  meters  cross-section.    Tbe  deepest  shaft  mentioned  ^^^*  ®^  ^" 
is  395  feet.    None  of  the  shafts  penetrate  to  sea-level. 
The  ore  as  it  was  removed  fix)m  the  mine  in  ancient  times      Andent  cod 

contratiDg  appa- 

was  in  part  too  i)oor  for  economical  smelting,  and  was  con-  ™tu8. 

centrated.    Some  of  the  concentrating  apparatus,  in  a  fair 

state  of  preservation,  has  been  found  under  heaps  of  waste. 

Although,  as  may  be  readily  imagined,  it  is  not  possible 

to  make  out  from  the  abandoned  apparatus  all  the  details 

of  the  process  of  ore-dressing  as  practiced  by  the  Greeks, 

the  main  features  can  still  be  traced. 

W'ater  was  scarce  at  Laurium  and  large  reservoirs  were    ^  scarcity  of 
built  to  store  a  supply.    So  solidly  were  they  constructed 
that  some  of  them  might  even  now  serve  the  purpose  for  ^q'^®*®"'  '^®'" 
^liich  they  were  designed.    The  concentrating  apparatus 
^^as  ingeniously  planned  to  permit  the  use  of  the  same  water 
^^er  and  over  again.    It  consisted  of  a  sluice  some  70  feet  ,  concentrating 
loug  and  provided  with  three  sumps  or  wells  at  intervjds  in 
^^   length.    The  sluice  was  not  straight,  but  made  several 
^^Sles  in  such  a  way  that  the  lower  end  came  close  to  the 
^^Sber.    Ore  must  have  been  placed  at  the  higher  end  and 
^^*V3hed  with  water  taken  by  baling  or  otherwise  from  the 
^^  vv^er  end.    A  current  was  thus  established,  and  the  mixture 
^^  ore  and  gangue  separated  in  virtue  of  the  diflFerence  of 
^P^cific  gravity  of  the  minerals. 

I^he  rich  ore  and  the  concentrations  were  smelted  in  shaft     smeitinc  fur. 
*^i*iiaces  without  preliminary  roasting,  a  process  for  which 
^U^y  were  very  well  suited,  being  nearly  free  from  quartz 
^^*^cl  containing  lime  and  iron.    That  ttie  ore  was  not  roasted 
^^    proved  by  the  globules  of  fused  galena  found  in  the 
^^gs.    Of  the  furnaces  many  have  been  found.    They  are 
^^  smaU  height  (our  authority  does  not  give  this  dimension), 
^^fl  about  3  feet  in  diameter.    The  fuel  was  wood  or  char-    Fuciana  bia«t. 
^^^^1,  and  blast  was  supplied  by  bellows  worked  by  hand. 
-^^lie  results  obtained  were  very  fair,  the  slag  containing 
7^*Om  5^  to  14  per  cent,  of  lead.    Many  ancient  slags  found    lom  of  ion<i  in 
^^^  Spain  and  Italy  contain  no  less  than  23  per  cent,  of  lead.    ^' 

The  furnace  lead,  which  M.  Cordelia  has  reason  to  sux)- 
iHise  averaged  0.4  i)er  cent,  of  silver,  or,  say,  $150  per  ton,  DcHiiveriiation. 
^^U8  refined  by  cupellation.    The  apparatus  used  has  not 
*^^^en  discovered,  but  the  frequent  occurrence  of  fused  pieces 
^^  desilverized  litharge  proves  the  nature  of  the  process. 

The  silver  was  refined  and  the  litharge  reduced,  and  the      neduction  of 
^^«altiug  lead  employed  as  material  for  weights,  missiles,  "^^*''*^®' 
^^mps,  vases,  pipes,  etc. 
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°°"'^»-  The  lead  was  assayed,  and  cnpels  of  earthenware  (M. 

Mines  o!  Laa-  Gordella  merely  says  de  terre)  have  been  found  in  the  dumps. 
AMftys:  cupels.  They  were  of  nearly  the  same  form  now  in  use,  IJ  inches  in 

diameter,  f  inch  high,  and  f  inch  deep. 
zinc  accretions.     25inc  accrctions  formed  at  the  tops  of  the  ancient  furnaces. 
They  were  sold  for  the  manufacture  of  bronze,  and,  as  it 
appears,  also  for  use  as  medicine.    If  so,  lead  colic  most 
have  been  familiar  to  the  ancients,  even  at  a  distance  firom 
the  mines, 
ci^?^^  activi^     "^^  period  of  greatest  activity  in  the  Laurium  mines  was 
600-430  B.  c.       between  600  B.  0.  and  the  Peloponnesian  war,  say  170  years. 
state  property.  The  miucs  wcrc  cxclusivcly  the  property  of  the  state,  but 
they  were  leased  to  citizens  in  claims  for  long  i)eriod8.    The 
Worked  by  labor  was  performed  by  slaves,  even  the  formen  or  superin- 
tendents being  owned.    M.  Cordelia  estimates  the  number 
of  workmen  employed  at  Laurium  at  about  15,000.    This 
was  a  vast  body  of  slaves  to  handle,  and  must  have  required 
very  strict  organization.    During  the  Peloponnesian  war 
Revolt  Laurium  was  cut  oflf  from  the  capital  and  the  slaves  revolted. 

It  is  very  easy  to  see  that  the  re-establishment  of  the  work- 
ings on  the  only  possible  basis  of  slave  labor  must  have 
been  a  matter  of  great  difQculty  in  the  troubled  times  which 
followed,  and  a  knowledge  of  these  circumstances  sufficiently 

Subsequent  accouuts  for  the  historical  fact  that  the  mines  were  after- 
workings  on  a 

smau  scale.  wards  workcd  fitfully  and  with  little  energy,  ox>eration8  be- 
ing sometimes  confined  to  the  resmelting  of  old  slags,  an 
enterprise  which  might  evidently  be  conducted  with  small 
capital  or  permanent  stake  in  the  prosperity  of  the  district. 
The  mines  wei*e  worked  to  some  extent  under  the  Bomans, 
Abandoned  ist  but  through  Grcck  factors.     In  the  first  century  of  the 

century    of    the 

Christian  era.     Christian  era  Laurium  was  completely  abandoned  and  be- 
came once  more  the  haunt  of  wild  beasts.    There  is  no  evi- 
dence that  work  was  ever  recommenced  until  the  presenj; 
generation. 
Enormous  ex*     The  amouut  of  work  done  in  the  Laurium  mines  was 

wOTkiSgs.*'^^*^*  enormous.    Some  2,000  shafts  have  been  found,  averaging 

about  250  feet  in  depth,  and  the  extent  of  the  subterranean 
Slag  of  former  workiugs  is  vast.    The  quantity  of  slag  found  is  aboat 

operations.        2,000,000  tous,  and  M.  Cordelia  shows  that  this  slag  must 

have  represented  2,100,000  tons  of  lead  and  8,400,000  kilos 
of  silver,  or,  say,  345,000,000  of  dollars.  The  whole  period 
of  700  years  during  which  operations  were  going  on  at 
Laurium  M.  Cordelia  regards  as  equivalent  to  about  300 
years  of  active  work. 
Mining  laws  of  The  modcm  development  of  the  mineral  industries  of 
Greece  dates  from  the  promulgation  of  mining  laws  in  1861. 
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These  laws  were  fonnded  npon  those  embraced  in  the  French 

legislation  of  1810  on  the  same  subject.  Since  this  time 
many  persons  have  boldly  undertaken  mining  enterprises, 
and  the  country  has  been  prospected  foot  by  foot.  Many 
economiciilly  valuable  deposits  have  been  discovered.  Some 
of  them  are  being  worked,  others  are  waiting  for  the  capi- 
tal necessary  to  develop  them.  It  was  at  this  period  that 
the  SoeiSie  Uilarian.  Boux  and  Co.  was  formed.  This  com-  «^ji^  JS?'^ 
pany  andertook  in  1864  the  resmelting  of  the  plumbiferous 
slags  of  Laurium,  and  in  1869  the  smelting  of  the  ancient  ^S^^^lI^- 
mining  waste.  '*^- 

Prodigious  excitement  followed  upon  the  results  obtained    Mining  excite- 

oy  this  company.    Claims  were  taken  up  by  the  hundred 

all  over  the  kingdom  on  deposits  of  lead,  zinc,  copper,  iron, 

ii^angaDese,  chromium,  lignite,  and  sulphur.     Of  course 

^^6  proved  the  fallaciousness  of  many  hopes  and  the  ne- 

^^^sdty  for  patience  and  capital,  and  the  inevitable  process 

of  weeding  out  has  followed.    A  portion  of  the  more  hope- 

ftil  enterprises  have  attracted  the  support  of  foreign  capital. 

Ihe  want  of  acquaintance  on  the  part  of  the  public  in      ignorance  of 
(Greece  with  the  conditions  of  industrial  enterprises,  aii(j*^®^'««*p™^"<'' 
tilie  lack  till  lately  of  Greeks  possessing  any  professional  ac- 
quaintance with  mining  or  smelting,  have  been  calamitous 
to  the  mineral  industries  of  Greece.    For  a  long  time  com-  ^^^^^^^^^^^ 
ttiissioners  visited  Laurium  at  short  intervals  to  And  the 
gold  bars  and  the  hidden  sources  of  supply  of  the  bullion 
turned  out  by  the  smelting  works.    That  this  was  the  legit- 
iniate  result  of  the  treatment  of  ores  and  slags  was  not 
^^edited.    Then,  by  a  sudden  change  in  popular  sentiment 
*he  contents  of  the  material  at  Laurium  was  as  much  over- 
^laed  as  it  had  previously  been  undervalued,  and  taxes      Ruin  of  the 
^^fe  placed  upon  the  working  amounting  to  more  than  half  just  taxaUoZ"^' 
the  worth   of  the  output.     The  Hilarion   Company  was 
obliged  to  sell  out,  their  successors  and  many  others  were 
'dearly  or  quite  ruined,  and  afifairs  reached  such  a  pass  that 
^^^  interference  of  foreign  governments  had  to  be  called  in    interference  of 
^•^J*  the  protection  of  the  rights  of  those  of  their  subjects  SS^S"   ^°''''™ 
^ho  had  ventured  to  attempt  the  development  of  industry 
^^ong  a  people  whose  tone  of  mind  was  so  little  congenial 
^o  it. 

Of  late  .years  an  essential  change  for  the  better  has  come   change  for  the 
^boxit    Numbers  of  young  Greeks  have  studied  mining  at***"®^* 
^he  great  schools  of  Europe,  and  returned  to  Greece.  More 
^^table  arrangements  as  to  imposts  have  been  made,  and 
^  SodMi  des  Usines  du  Laurium  seems  to  be  in  a  flourishing 
^ndition. 
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Q"*^-  This  company  smelts  aDcient  slag  and  mining  waste  a 

such  lead  ores  as  are  now  raised  in  the  district.    It  p 

ri^**  ®'  ^^sesses  a  mechanical  ore-dressing  establishment,  where  i 

tons  of  waste,  containing  5  to  G  per  cent,  lead,  are  treai 

Present  workB.  per  dicm,  yielding  60  tons  of  concentrations.  The  rema 
der  of  the  waste  is  concentrated  at  the  ancient  dnmps 
hand-jigs.     The  smelting  works  contain  7  Pilz  fomac 

Plant  Plnmbiferous  iron  ore  is  nsed  as  flux,  and  12  per  cent. 

Product  cokc  is  bumcd.  The  annoal  product  is  7,000  to  7,500  U 
of  lead,  with  $40  to  $70  per  ton  in  silver,  and  about  400  U 
of  speiss,  containing  20  to  22  per  cent,  copper  and  2  per  ce 
nickel,  besides  lead,  arsenic,  etc.  The  amount  of  fn 
caught  in  a  condensation  flue  1,200  meters  long  is  fr 
1,200  to  1,500  tons. 
French  com-     The  miucs  of  Laurium  are  also  being  worked  with  vii 

pftny  of  tho  Iah* 

riiun  mines.  by  the  Compagnie  Franqaise  des  Mines  du  Laurium^  wh 
^^j^.CaiMiun^ began  opei*ations  at  the  close  of  1875.  Calamine  (carb 
ores.  ate),  blende,  and  lead  ores  are  raised.    A  portion  of  i 

calamine  is  roasted.    The  following  are  the  results  wh 
have  been  obtained  by  this  company,*  in  tons  of  1,000  kil< 


Prodoct 


Baw  oalamine  — 
Boasted  calamine 

Blende 

Lead  ores 


The  calamine  of  Laurium  is  richer  than  that  of  Sardir 
which  is  said  to  average  about  33  per  cent.  The  mean  e 
tents  of  the  roasted  calamine  for  each  year  was  as  follow 

Percent  i 

Anslysisiere 40. 

•of  roasted  cala* «  lxvw  ^ « 

mlneT^        '^^  1877 51. 

1878,  ftbove ^ 60 

The  last  steamer-load  was  settled  for  on  a  basis  of  65i^ 

per  cent.  zinc.    There  is  a  large  amount  of  calamine  in  sigt 

and  the  boast  seems  justified  that  this  is  the  most  impo 

Zinc  ore  sent  taut  output  of  Calamine  in  the  world.    The  zinc  ore  isse^ 

to    Anvers  •  and         .  _    _, 

Swansea.  to  Anvei*s  and  Swansea. 

Blende  and  ga-     Thc  lead  Ore  raiscd  is  mostly  mixed  with  blende,  and  tl 

lena    separating  *'  ' 

works.  company  has  built  an  ore-dressing  works  to  separate  tl 

two.  The  galena  is  very  rich,  much  of  it  running  over  t^ 
to  the  ton  of  lead. 

^iSSs^eTOsits^     There  are  numerous  other  deposits  of  ores  in  Greece,  n 

only  of  lead  and  zinc,  but  of  copper,  iron,  and  8n]ph« 

*  Note  9ur  les  Mines  de  la  Com,  I)ran.  des  Mines  du  Lauriun^  Litbograpls 
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Many  of  these  have  been  prospected,  and  even  worked.       o^iacm. 

Tbns,  45,000  tons  of  iron  ore  have  been  extracted  at  Sere- 

phos,  and  smelted  in  England  with  results  highly  satisfac-   i««o'«' 

lory  so  far  as  the  metal  was  concerned.    In  the  eparchy  of  Copper. 

Phthiotide  two  copper  mines  of  a  very  promising  character 

liave  been  opened,  and  in  the  island  of  Milo  snlphor  is  act-   Snipbnr. 

aally  being  extracted  to  some  extent,  bat  the  on  wise  policy 

of  the  Greek  Government  until  a  recent  date,  the  general 

badness  of  the  times,  and  the  recent  protracted  wars  on  the 

Grireek  frontier  have  prevented  active  exploitation.    Greece, 

however,  promises  much  in  the  near  future. 

ZNo  true  coal  is  known  to  exist  in  Greece.  The  coal  and  ^^J^®  ®®^  "• 
colke  annually  imported  from  England  amount  to  76,000 
tons.  Lignite,  however,  occurs  over  large  areas,  estimated  ^^v^^ 
sk;ti  some  1,200  square  miles.  This  lignite  is  of  very  fair 
(l^o^lity,  and  is  easily  mined.  Its  heating  effect  is  much  less 
t^bain  that  of  English  coal,  and  it  takes  from  125  to  150  parts 
erf"  the  native  product  to  do  the  work  of  100  parts  of  theim- 
E>orted  fuel.    About  6,000  tons  were  mined  in  1877. 

The  exhibits  made  by  Greece  were  of  a  highly  interesting  ^^  ^^SblT  to 
cl&aracter,  and  illustrative  of  the  facts  set  forth  in  the  fore*  P»i«- 
going  pages.    The  ores,  ancient  slags,  and  mining  waste 
fbimd  at  Laurium  were  shown,  and  M.  Cordelia  presented 
models  of  the  simple  and  ingenious  ore-dressing  apparatus  ^Models  of  an. 
in  use  when  Bome  was  struggling  into  notoriety.    The  story  tog  appMiitiis. 
of  Lanrium  is  certainly  one  of  the  most  romantic  chapters  in 
the  history  of  technology.    The  genius  of  Athens  may  fairly 
be  said  to  have  mastered  the  difficulties  presented,  but  the 
conqaest  was  dex>endent  on  unnatural  economical  conditions, 
^d  was  consequently  temporary.    The  hold  which  modem 
science  has  taken  on  the  subterranean  treasures  of  Attica 
^01  not  be  so  easily  shaken  otL 


•Til 


ff*i 


XIV. 
mBEWLunm.  THE  DUTCH  EAST  INDIES. 

THE  DUTCH  EXHIBIT. 

eraSta^oiia^      Holland  produces  no  valuable  minerals,  unless  a  certai. 

quantity  of  dredged  peat  may  be  so  considered.    The  Dutc^'^i 

erai^brit*'5f "^e  POSSCSsions  in  the  East  Indies,  on  the  other  hand,  lie  i^  ti 

J^Jch  East  In-  a  remarkable  mineral  belt,  extending  from  the  mainlaiM.  ^ 

through  the  peninsula  of  Malacca  into  the  Malayan  Arcb^i- 
pelago.    This  region  furnished  the  only  important  supply  ^3f 
tin,  besides  the  mines  of  Cornwall  and  Devonshire,  until  tkxe 
Banoa  tin.       reccut  discoverics  in  Australia.    Banca  tin,  too,  is  renowned 
for  its  great  purity.    Grold,  gems,  and  coal  also  occur,  aod 
occasionally  in  remunerative  quantities. 

The  mineral  resources  of  the  Dutch  Indies  are  not  yel; 
thoroughly  investigated,  and  there  seems  a  probability  of 
considerable  increase  in  their  productiveness.  It  is  only 
Buuton  tin  within  a  few  years  that  the  Billiton  mines  began  to  put  tin 
upon  the  market  in  considerable  quantities,  causing  a  sud- 
den depression  in  the  price  of  that  metal,  a  harbinger  of  the 
greater  disturbance  caused  by  the  discovery  of  immense 
deposits  in  Australia.  New  tin  fields  have  since  been  found, 
and  bid  fair  to  become  important. 
Exploitation     All  work  conncctcd  with  the  exploitation  and  treatment 

^       ****       of  tin  ores  is  i)erformed  by  Chinese.    Formerly  agents  were 
appointed  to  encourage  their  emigration,  but  at  present 
they  present  themselves  in  sufficient  numbers.    They  work 
in  companies,  under  contract,  receiving  a  fixed  price  for  tin 
delivered,  and  enjoying  some  privileges  in  the  matter  of 
supplies.    Euroi>ean  engineers  exercise  a  certain  amount  of 
control  and  supervision. 
Exhibit  of  R.     The  exhibit  of  M.  E.  H.  Amtzenius,  manager  of  the  Bil- 
liton Company,  and  the  collective  exhibits  of  the  products- 
of  the  Dutch  Indies,  gave  very  full  and  interesting  informa — 
tion  as  to  the  methods,  instruments,  and  apparatus  employed _^^ 
as  well  as  of  the  products  obtamed,  the  mode  of  life  of  th< 
miners,  etc. 


rd 


Cornelius  de     M.  Comclius  dc  Groot,  who  was  formerly  at  the  head 

Groots    account    ,      ,^  «,,.  .     .,      -^    .    «   -r^      ^  ■»     «.  .-^ 

of  the  Nether- the  Department  of  Mines  m  the  Dutch  East  Indies,  preparec^  9 

]nTT«1ii  mining  in-  „  -  <•     t        t  «  ^     1 

dnstries  in  the  at  the  rcqucst  of  the  members  of  the  jury,  a  short  account  t    f 

of  the  mining  and  metallurgical  industries  of  Banca,  Bil^i-   j 
ton,  and  the  other  islands  belonging  to  the  Netherlands.     ^^  '^ 

340 
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Uie  subject  has  considerable  commercial  and  professional  ^jtnsMaLAjnM, 
interest,  while  but  few  papers  on  the  subject  have  been  pub- 
lished excepting  in  Dutch  technical  journals  rarely  seen  in 
America,  some  space  may  well  be  devoted  here  to  an  ab- 
stract of  the  above-mentioned  essay.  Some  supplementary 
infonnation  will  be  properly  accredited. 

The  isUmd  of  Banco.  Banoa. 

Thesedimentary  rocks  are  argillaceous  and  quartzose  sand-  ^,^^****^  ^®* 
stones,  etc.,  belonging  to  the  Lower  Devonian  (Grauwacke). 
^be  crystalline  rocks  are,  for  the  most  part,  granite,  to  some 
extent  diorite,  and  rarely  griesen  and  schists.    The  remain- 
"^g  formations  are  of  Quaternary  origio,  and  it  is  in  these 
tliat  the  tin  ore, "  stream-tin,'^  occurs.    Veins  containing  tin     occurrence  of 
ore  occur  in  Banca,  and  the  griesen  is  sometimes  impreg- 
Dati^d  with  tin-stone,  but  the  mineral  is  for  the  most  part 
foimd  in  reticulated  veins  (stockwerke),   associated  with 
Qttartz. 

The  tin-bearing  gravels  of  the  island  are  found  m  ancient  ^^^^^w^Ji^^ 
^^  recent  valleys,  and  deposited  in  one  of  three  ways:g«vei«- 
disseminated  through  the  surface  stratum  to  the  depth  of 
'^ne  feet  or  more  5  disseminated  through  several  beds,  one 
above  the  other.  These  beds  consist,  besides  the  stream -tin, 
^^  bat  little  worn  fragments  of  quartz  and  feldspar,  sand,  etc. 
^^ally,  the  tin-stone  is  found  disseminated  through  quick- 
^ods  which  rest  upon  the  bed-rock.  The  latter  is  sometimes 
S^^'unite,  but  oftener  kaolin,  or,  in  other  words,  granite  in  a 
^^Lly  advanced  stage  of  decomposition. 

In  prospecting  for  tin-stone  a  small  Chinese  boring  appa-  SJ*^®*®  p"** 
^^tu8  called  Tsjam  is  employed.  This  apparatus*  consists  of  rata*. 
*^  iron  rod  over  20  feet  long  and  1  inch  thick,  to  the  lower 
f '^U  of  which  is  attached  by  its  side  a  conical  tube  of  a  few 
i^ohes  in  length,  open  at  both  ends,  and  with  the  smaller 
^^fl  down.  In  use,  the  small  end  of  the  tube  is  stopped  up 
*^5^  a  rag,  attached  to  a  string,  while  sinking  through  super- 
^<^ial  strata.  When  the  bed  under  examination  is  reached, 
^he  rag  is  detached  by  pulling  the  string,  and  the  tube 
^Hswith  gravel.  To  determine  the  value  of  an  ore  bearing 
^t*itum,  a  copper  tube  armed  with  a  steel  cutting  shoe  is 
^oxced  through  it,  and  a  core  thus  removed  for  examination. 

The  workings  are  all  open,  aud  not  more  than  8  or  9  me-  OpenworUsKs. 
^^rs  in  depth.    After  excavation  the  tinstone  is  worked  free 
^  barren  gravel. 

'Hie  reduction  of  the  ore  is  oirried  on  in  two  different 

*  See  Berg-  und  HUttenmUnnische  Zeitung,  18(>3,  p.  33S. 
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KiTHKBLANDB.  gpecJes  of  fuFDace,*  one  of  tbe  Chinese  design,  which  ha 

Tinreduoti<m been  in  use  ever  since  the  mines  were  worked  by  Chinese 

the  other  the  construction  of  Dr.  C.  L.  Ylaanderen.    Th 

Chinese  furnace.  Chinese  fumace  consists  of  a  kettle-shaped  smelting  chan 
ber,  cot  in  a  clay  hearth,  and  connected  by  an  open  ta 
with  an  external  well,  into  which  metal  and  slag  ran  togethc 
as  fast  as  they  melt.  The  fael  is  charcoal,  and  the  bla< 
nozzle  entering  the  lower  portion  of  the  smelting  chambc 
is  directed  downward  upon  the  bottom  of  the  chamber  t 
keep  it  hot.  The  slag  is  resmelted  once  or  twice,  beside 
being  crushed  and  washed.  The  blast  is  produced  by  piste 
blast  engines  worked  by  hand, 
vuandereu  s     Ylaaudereu's  furnace  is  a  small  open-top  blast  fumaa 

nimace. 

run  with  a  fan  blast.    The  height  is  somewhat  over  5  fee 
and  the  cross-section  nearly  square  and  2  feet  3  inches  fro 
front  to  back.    There  are  three  tuyeres,  which  are  so  pla(^ 
that  the  jets  of  blast  cross  each  other.    The  fuel  used 
charcoal,  and  lime  is  added  as  a  flux.     The  ^^  glass" 
thrown  into  water  and  subsequently  re-smelted  with  mon 

Tongiten.  lime.  Tuugstcu,  which  is  however  rare  in  Banca,  is  re 
dnced  in  the  comparatively  hot  Ylaanderen  fumace.  The 
ftimaces  are  run  only  during  the  night  on  account  of  the 
heat,  the  island  lying  nearly  under  the  equator.  Severa 
other  constructions  of  fumace  have  been  tried  in  Banca 
but  with  indifferent  success.  Furnaces  of  a  very  simpl 
construction  like  those  above  mentioned  are  preferable,  b€ 
cause  they  can  be  set  up  in  the  immediate  neighborhood  o 
the  workings,  and  removed  or  abandoned  as  the  deposit 

Bredemeyer.    ^TO  tsucccssively  cxhaustcd.    Bredemcycrf  speaks  of  roast 
ing  the  tin  ore  in  reverberatory  furnaces,  and  leaching  ou 
copper,  etc.,  but  of  tbis  De  Groot  makes  no  mention, 
i^portionof     The  ore  carries  firom  71  to  72  per  cent  of  pure  tin.    j 

metal  in  the  ore.  ^  '• 

slab  of  tin  weighs  ^  picul,  or  30.8806  kilos,  according  to  D 
Oroot.  According  to  a  printed  description  of  the  exhibii 
Weight  of  tin  the  Weight  of  a  slab  is  about  32  kilos,  and  Mr.  E.  Hun 
states  that  1,000  slabs  weigh  32  tons,  in  which  case  a  sla 
must  weigh  32^  kilos. 
woriS"^*™"*"*     The  government  undertook  the  working  of  the  tin  deposit 

in  181G,  employing  Chinese  miners  and  smelters,  of  whoi 
the  number  at  work  at  the  end  of  the  year  1876  in  Banc 
was  7,789.  The  natives  are  known  to  have  smelted  tin  full 
two  centuries  ago,  and  continued  to  produce  metal  in  sme 
quantities  until  the  Dutch  Government  took  the  matter 
hand. 

^  See,  also,  Fan  Dieaty  in  Berg-  und  HUttenmUnniacke  Zeitung,  1873,  p.  ^l 
iSan  Francisco  Mining  and  Scientific  Press,  1872,  p.  470. 
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The  production  is  known  since  the  year  1821.    In  that  wBraBBLAype. 
year  it  was  1,250  metrical  tons*  of  tin.    In  the  year  1846 
the  production  exceeded  4,400  tons,  and  attained  its  maxi-  tinS^if-isre!*' 
mum,  (>,250  tons,  in  the  year  1856;  since  Uien  it  has  dimin- 
ished gradually  to  a  mean  of  4,340  tons  in  the  years  1871  to 
1875,  while  in  1876  Banca  produced  but  3,932  tons. 

I*rof.  G.  J.  Mulder  analyzed  Banca  tin  with  the  following        Anaiyaisof 
results: 


0.014 

0.019 

Copper 0.006 

Impuritiea 0.039 

Tin 99.961 

100   00 

OoDsiderable  deposits  of  magnetite  are  found  in  the  east- 
^i^'xx  part  of  the  island.    Gold  is  found  in  small  quantities    Ooid. 
^it^  the  stream-tin,  and  sometimes  in  quite  important  quan- 
iti^s  on  the  sea-beach  in  the  district  of  Merawang. 

The  island  of  Billitan.  BUiitoiL 

IThe  geological  formation  and  the  methods  of  working  the    Geological  for 
are  essentially  the  same  as  those  of  Banca.    Stockwerke  "^   ^ 


:e  a  more  important  place,  and  are  mined  to  some  extent. 
^  Ungsten  occurs  in  a  single  mine,  and  in  another  galena  is 
'^^^t  with.    Copper  occurs  only  in  traces. 

The  tin  deposits  in  Billiton  were  dist^overed  by  M.  De    c.DeOroot: 
^^xoot,  in  1851,  and  the  workings  were  opened  in  1853,  in  ^  ^^^i^  ^ 

lich  year  11  tons  of  tin  were  produced  (1  ton  equals  i^si. 
^^KK)  kilos).    In  1863  the  production  was  645  tons,  and  in       iSy^"*^****" 

»70, 2,057  tons ;  for  the  years  1871 -'75,  both  inclusive,  annu- 

ly  3,390  tons,  and  in  1870,  3,721  tons. 

Dr.  Vlaanderen  analyzed  Billiton  tin,  which  is  of  the_.„.  AnaiyBisof 

^^  *'  '  Billitoii  till. 

^^une  degree  of  purity  as  Banca  tin.  It  contains,  however, 
^t)out  .03  of  1  per  cent,  of  arsenic  and  antimony,  but  no 
^^^pper. 

The  Billiton  tin  mines  are  worked  by  a  stock  company, 
Employing  Chinese  workmen. 

Other  tin  deposits  in  the  Dutch  East  Indies. 

Cassiterite  is  found  in  small  and  not  important  but  work-    caatitorite  in 
^Me  quantities  in  the  little  islands  of  Karimou  and  Singkep. "  ^ 
-^  concession  has  been  granted  for  working  dex>osits  of  tin- 
^one  in  Negri  Tapong,  a  mountainous  district  in  Eastern 

*A  metrical  ton  is  1,000  kilos,  or  2,205  lbs. 
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NBTHBBLAMD6.  Somatra,  and  in  1877  200  Chinese  miners  were  at  work 

Tin  minee  in  there  in  three  mines.    A  company  is  beinc:  formed  for  work- 
Dutch  East  In-.        ,,  ,  .^  .  ^     \  ^ 

dies.  ing  these  deposits  on  a  larger  scale. 

^^^  Coal  is  mined  in  the  eastern  and  southeastern  portions  of 

Borneo.  It  occurs  in  the  Lower  Eocene  and  appears  to  be 
of  a  fair  quality. 

Diamonds.  Diamonds  are  found  in  the  eastern  and  in  the  western 

parts  of  Borneo,  in  the  detritus,  but  thus  far  not  in  place. 
Itacolumite  is  found  with  them  in  the  detritus.  They  are 
also  found  not  far  from  mountains  of  serpentine.  Ko  re- 
port is  made  of  the  quantity  or  value  of  the  diamonds  found. 

Gold.  Gold  is  found  in  many  parts  of  the  Dutch  Indies ;  in  pay- 

ing quantities  in  the  interior  of  Sumatra  and  Borneo,  in  the.«.^s^ 
north  of  Celebes,  and  on  the  island  of  E^assarouta,  in  th^^ 
Moluccas.  Platinum  is  found  associated  with  gold,  anC^ 
with  it,  in  some  instances,  ruthenium  sulphide. 

The  quantities  of  Banca  and  Billiton  tin  yearly  put  upob. 
the  market  are  regularly  reported  in  the  Mineral  Statistu 
of  Oreat  Britain. 


XV. 

BULLION  PRODUCT  OP  THE  UNITED  STATES. 

Little  that  is  new  to  mining  men  in  this  country  could  be 
said  of  the  United  States  exhibit  in  Class  43.  Instead  of 
any  attempt  to  do  so,  the  following  discussion  of  the  bullion 
yi^d,  perhaps  the  most  condensed  and  exhaustive  which 
has  as  yet  appeared,  is  submitted  as  a  valuable  addition  to 
^e  English  literature  of  this  important  subject,  and  as  being 
^  harmony  with  the  tone  and  purpose  of  the  preceding  es- 
says. 

*'THE  production    of    the    precious    metals    in    the    BuUlon  product 

UNITED  STATES.  gj^t^®  b?"*^! 

By  Dr.  Adolf  Soetbeeb.  ^*^^  Soeibeer. 

^^^^^rnumn't  Mittheilungen,  Ergdmungth^  No.  67.     Tnuulated  by  A.  T.  Booker.] 

THE  UNITED  STATES  OF  AMERICA. 

*''  I)>  Whitney.    The  Metallic  Wealth  of  the  United  States,  described       Litontoro  of 

and  compared  with  that  of  other  coantries,  Philadelphia,  1864,  pp.  *^®  »ayeot 

79-185. 
'^^if.    Da  Gisement  et  do  I'Exploitation  de  I'Or  en  Californie,  Annales 

dee  Mines,  6i^mo  s^rie,  t.  iii,  Parin,  1863,  pp.  347-435. 
-^lichte  des  dentschen  (Resp.  prenssischen)  KoDsulats  in  San  Fran- 

ciflco,  Veroeffentlicht  im  prenssischen  Handels-Archiv,  1850-^4. 
'^-  Von  Bichthofen.     Die  Metall-Prodnktion  Califomiens  and  der  an- 

gienzendoD  Laeuder,  Ootha,  1864,  4^. 
^acoby.     Rnsslaods,  AustralioDs  and  Califomiens  Gold-Prodnkion,  im 

Arcbiv  fUr  wissenschaftliche  Knode  von  Rossland  yon  A.  Erman- 

band,  24^,  St.  Petersbnrg,  1865. 
^-  Hofls  Browne.    Mineral  Resonrcesof  the  United  States,  Washington, 

^-  P.  Blake.    The  Prodnction  of  Precioos  Metals,  etc..  New  Tork  and 
Xiondon,  1869. 
*  A.  Phillips.  The  Mining  and  Metallnrgy  of  Gold  and  Silver,  London, 
1837,  pp.  29-76. 

iter  W.  Raymond.  Mineral  Resources  of  the  States  west  of  the 
Bocky  Monntaius,  Washington,  1839.  Statistics  of  Mines  and  Min- 
ing in  the  States  and  Territories  west  of  the  Rocky  Moantains  for 
the  year  1870,  Washington,  1870.  Statistics  of  Miues  and  Mining 
in  the  States  and  Territories  west  of  the  Rocky  Moantains,  4-A 
annual  report,  Washiogtoo,  1873-^77.  Silver  and  Gold,  New  York, 
1873.  The  Production  of  Silver  and  Gold  in  the  United  States,  in 
American  and  English  Mining  Journal,  1875,  vol.  ii,  p.  329. 
"^^port  of  the  Select  Committee  on  Depreciation  of  Silver,  Pari.  Pap., 

London,  1876,  fol.,  Appendix  No.  8-19,  No.  21,  pp.  133-147. 
^-  Saess.    Zuknnft  des  Goldes,  Wien,  ltf77,  9, 118-157. 
^^port  and  Aocompan3nug  Documents  of  the  United  States  Monetary 

Commission,  vol.  i,  Washington,  1677,  Appendix,  pp.  1-60. 
A..  Del  Hur.    Report  on  Silver  Production  in  the  United  States. 
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o?^"  ^^SS     "  '^^^  essentially  different  i)eriod8  may  be  distiugoished  ii 
states.  the  production  of  precious  metals  in  the  extensive  region  o 

Country  which  now  comprises  the  United  States  of  America 
They  are  separated  by  the  discovery  of  the  gold  fields  o 
Galtfomia.  Before  the  year  1849  the  United  States  yields 
perhaps  less  gold  and  silver  than  any  other  diversified  re 
gion  of  country  of  the  same  extent.  Since  then  the  coub 
try  has  rapidly  advanced  to  the  foremost  rank  in  this  respect 
We  first  meet  with  traces  of  gold- mining  at  the  end  of  th 
last  century  in  Virginia  and  South  Carolina.  The  industK 
became  somewhat  more  important  between  1820  and  184: 
when  gold  was  alsf)  found  in  North  Carolina,  Ceorgia,  T^ 
nessee,  and  Alabama,  and  the  gold  obtained  was  coined 
the  newly-established  mints.  According  to  the  summary 
J.  D.  Whitney,  of  Mr.  J.  D.  Whitney,  the  gold  i)roduct  in  the  separai 
States  from  1804  to  1850,  and  in  tho  respective  divisions  c 
time,  was  as  follows : 

Gold  produo-  Value  of  gold  prodtiction  from  1804  to  1850. 

1830.                   Virginia $1,198,60' 

North  CaroUna 6,842,90< 

South  Carolina 8i8,lO 

Georgia 6,048,lO 

Tennessee  and  Alabama 263,8CP 

Total ir>,172.3CI 

Value  of  gold  production  in  the  retpective  diviaione  of  time. 

IdOi-'JW. 147,00 

18i4-'30 715,00 

1831-MO 6,695,00 

1841-^50 7,715,0C 

15, 172,  OC 

Gold  deUvered     ^'  From  1851  to  1867  the  whole  amount  of  gold  delivered  o 
mints. ^1851^1807?  the  miuts  in  the  Eastern  States  amounted  only  to$4,391,91-i 

How  insignificant  this  sum  appears  when  compared  with  tin 

enormous  quantities  of  gold  California  and,  latterly,  al^ 

other  States  and  Territories  west  of  the  Bocky  Mountain 

have  produced  since  1848.    It  is  a  difficult  task  to  ascert^ 

Means  for  esti-  cvcu  approximately  the  quantity  of  gold  which  has  he^ 

auction  of  the  rel  obtained  here,  and  all  the  estimates  which  have  been  ma^ 

S^ky*^**^Moimi^  must  be  regarded  as  untrustworthy,  as  they  vary  very  mu< 

*""*■■  from  one  another.  They  have  for  the  most  part  been  founds 

ux>on  the  export  returns  of  San  Francisco,  the  coinages  &^ 
assays  in  the  mints,  and,  above  all,  the  books  of  Wells,  Far^ 
&  Co.,  who  have  transported  much  the  greater  x^art  of  tb 
precious  metals  from  the  various  mining  districts  lying  wes 
of  the  Bocky  Mountains,  and  keep  exact  accounts  of  tb< 
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same.    Snob  estimates  cannot  however  be  regarded  as  ^■of'^the'^cStlS 
curate,  for  mere  opinion  based  on  probabilities  enters  largely  states, 
into  them.    A  considerable  part  of  the  gold  obtained  by 
thousands  of  isolated  gold-diggers  is  exported  either  by  the  ^JS^t/e  quaS- 
owners  themselves  or  by  their  friends,  and  does  not  appear  juj^ej^fjj^^th^ 
oa  the  books  of  the  express  agents  or  in  the  export  returns  ^^y    Mount, 
of  San  Francisco.    The  valuations  in  question  usually  in- 
clude silver.    This  was  especially  the  case  in  former  times, 
when  the  silver  product  was  eompamtively  small.    In  many 
of  the  estimates  of  later  years,  on  the  contrary,  a  part  of 
the  gold  product  is  reckoned  with  that  of  the  valuation  of 
the  silver,  especially  in  the  product  of  Nevada.    Moreover, 
it  most  not  be  forgotten  that  in  the  sum  total  of  the  afore- 
mentioned estimates  gold  is  included  which  was  originally 
obtained  in  British  Columbia  or  in  the  mining  districts  of 
Mexico  adjacent  to  California,  and  which  is,  therefore,  not 
to  be  reckoned  as  the  product  of  the  United  States.    It  also 
sometimes  occurs  that  in  the  summary  of  the  amounts  trans- 
ported the  same  item  is  twice  stated.    Therefore,  we  must 
allow  a  wide  margin  for  errors,  nor  should  we  lose  sight  of 
the  fact  that  the  temptation  to  overestimate  would  naturally 
^  mach  greater  than  to  underestimate. 

**  Wo  will  begin  by  giving  a  table  of  the  export  of  gold  and    TaWeof  th«ex 
silver  from  San  Francisco  from  1848  to  1803,  taken  from  the  Kver*  fSm  £n 
commercial  publications  of  that  city,  which  are  based  on  the  isos?  by  Richtho. 
customhouse  schedules,  and  are  given  by  Mr.  Blake,  and  ^' 
also  by  Herr  von  Eichthofen  in  the  above-mentioned  trea- 
tise, Die  Metall-ProduJction  Californiens  und  der  angrenzenden 
I'^iender,    An  addition  has  been  made  to  the  amounts  de- 
clared during  the  years  1848-'50,  on  iK^count  of  the  acknowl- 
^ed  incompleteness  of  the  official  returns.    On  the  other 
^Qd,  for  the  years  1861,  1862,  and  1863  a  reduction  has 
^n  made  of,  resi>ectively,  one  and  a  half  millions,  six  mill- 
ioii8,and  thirteen  millions,  on  account  of  the  silver  contained 
^  the  amounts  declared.    The  export  of  the  latter  by  way 
of  San  Francisco  has  become  of  greater  importance  since 
18G1. 


Yean. 


18i». 

i«5o..;;.. 

}|Uptoiiiyi 

\m.'. 

1K8.. 

1854. 

1855. 


Declared 
gold  export. 


i 


$66,000,000 

It.  407. 000 
84,060.805 
45. 770. 000 
64,005,000 
52. 045. 633 
45,161,731 


Declared  and 
Estimated    eatimated      sold 
actual  gold   export  from  San 
export.        Franoiaco: 


!$10. 000, 000 
40,000.000 
50.000,000 

I  5i.  000, 000 

60.000.000 
65,000.000 
60,000.000 
55,000,000 


184».1855. 
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Bullion  product " 
of    tho    United 

State*.  Years. 

Gold  exports 

from  Son   Fran> 

ciaco: 

1856-1863.  1866 $60,68 


Deck 
golden 


1857. 

1858. 

1850. 

1860 

1861. 

1862. 

1863. 


48,97 
47.54 
47,64 
42,8*^ 
40.67 
42, 5C 
46,07 


Bichthofens     «< Bichthofeu  clucidates  his  tables  with  thi 

remarks  on  the 

table.  marks :  '^  The  gold  product  of  California  duri 

years  may  be  estimated  with  considerable  ( 
produced  in  eai  lier  years  only  approximately, 
tions  three  times  a  month  per  steamer  via  Ps 
ship  to  China  and  other  parts,  serves  an  th 
statistical  statements.    These  figures  give  a 
export  in  gold  coin  and  ingots  during  the  li 
do  not  include  the  gold  remaining  in  the 
amount  of  this  latter  is  by  no  means  insig 
California  paper  money  is  not  current  and  * 
in  specie  are  accepted.     Furthermore,  the 
being  contained  in  the  ingots  of  gold  is  not  si 
the  average  standard  of  gold  is  0.850,  this 
fact  may  be  neglected  as  of  small  import 
greater  importance,  however,  is  the  fact  that 
transmitted  abroad  through  private  individ 
mer  times  even  larger  sums  were  thus  expo 
of  gold  dust.    In  the  first  years  the  whole 

Mode^making  carried  ou  iu  this  way.    In  the  preceding 
first,  the  value  of  the  gold  according  to  o^ 
secondly, the  value  according  to  estimatesi 
exx>orted  by  private  individuals  are  allows 
the  recorded  export  consisted  entirely  iu  g 
of  gold.    In  order  to  olitain  accurate  est 
years  18G1,  1802,  and  1 8G3,  the  gold  coi 
of  exported  silver  must  be  taken  into 
amounts  to  no  inconsiderable  sum.    Ti 
unnoticed  in  the  above  statement  iu  or 
idea  of  the  yield  of  the  gold  mines  and  f 
Decrease  in  the  von  Bichthofeu  fiirthcr  obscrvcs  tha 

product.      *"    California  gold  product  is  very  notice 

bered  that  in  former  years  the  whoh 
from  the  gold- washings  of  Califomifl 
years  the  gold  mines  of  the  whole 
washings  of  Idaho,  Arizona,  and  B 
uted  to  the  sum. 
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**  The  decrease  in  the  cold  vield  would  have  been  even  ^'^S^'^PJrtSS 

^  *  of    the    united 

greater  were  it  not  for  the  increase  of  the  Chinese  popnla-  states. 
tion.    A  white  man  is  rarely  satisfied  with  $4  a  day,  whereas 
the  Chinese  work  for  $1,  and  even  less,  and  consequently 
the  abandoned  gold-washings  could  be  reworked  with  suc- 
cess. 

**  Jacoby  (Archiv  fur  tcisaenschaftliche  Kunde  van  Buss-  Ji^by's  ^m- 
land,  B.  24)  declares  Herr  von  Bichthofen's  estimates  to  be  too  tbofen't  eeti- 
low  ;  that  the  decrease  in  the  export  is  no  indication  of  a  de- 
crease in  the  product,  and  that  the  increase  of  the  other 
products  and  exports  of  California  is  an  evident  cause  for 
the  retention  of  a  much  larger  proportion  of  gold  and  silver 
in  the  country.  It  also  appears  unwarrantable  to  make  no 
allowance  for  the  gold  which  has  been  shipped  during  the 
past  three  years  without  declaration.  The  gold  yield  of  Cali- 
fornia and  the  adjacent  States  for  the  years  1856-^62  may 
be  estimated  at  an  average  bf  from  seventy-five  to  eighty 
mllion  dollars. 

*'Mr.  W.  P.  Blake,  who  has  extended  the  above  tables  of^^^^*»^«^«: 
the  export  of  gold  and  silver  for  the  years  1874-'76  according  thofenn  tables, 
to  the  custom-house  schedules  of  San  Francisco — viz,  1864, 
♦5&,7U7,201 ;  1866,    $45,308,227  ;   1866,    $44,364,393 ;   1867, 
•44,670,292— observes    further:      *  Without   doubt    large 
atooants  of  precious  metal  are  carried  away  from  San  Fran- 
cisco by  passengers  in  the  form  of  gold  coin  and  ingots. 
The  amount  thus  exported  is  variously  estimated.    Commis-  anaSSed**|ofd 
sioner  Browne  estimates  it  at  about  two  hundred  millions  up  ^  F^Siciaco  " 
to  the  year  1865.    This  estimate  is,  however,  probably  too 
^%h.    Usually  an  addition  of  10  per  cent,  is  made  to  the  de- 
clared amount  sent  from  the  interior  for  what  is  carried  off 
^y  the  gold-diggers  themselves,  and  which  does  not  appear 
^^  the  books  of  the  express  agents.'    This  addition  must 
^  be  regarded  as  too  great,  for  it  would  amount  to  more 
^ban  the  sums  shipped   without  declaration.    Blake  esti- 
mates the  whole  precious-metal  export  of  California  as  fol- 
lows: 

J^Ured  export  from  San  Francisco »S64, 495, 446  ^h^lf»*^^^ 

^^declared  export,  assomed  at  10  per  cent,  of  the  declared .      86, 449, 544  metal  export  of 
turned  to  have  been  retained  in  the  country 45, 000, 000  C*****™**- 

Total , 995,944,990 

^etefrom  to  be  deducted  as  product  of  British  Columbia 
and  Mexico 35,000,000 

^mainii,  in  round  numbers 961,000,000 

^thissum,  according  to  approximate  estimation,  gold. .     807, 000, 000 

**  Before  we  proceed  to  the  valuations  of  the  entire  bullion 
yi^d  of  the  United  States  we  will  complete  the  above  table 
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o?°Sr^rSt^^^  the  declared  exports  from  San  Francisco  for  the  years 
states.  18C8  to  1875  from  published  estimates  by  Mr.  Valentine, 

ft^^&Si  *l?^  superintendent  of  Wells,  Fargo,  &  Co.  Kxpress.    Accord- 
Cisco:  jjjg  ^Q  these  statements  the  export  amounted  to — 

I88g-1875.          1868 |35,444,39S 

1869 37,287,U7 

1870 ^,983,140 

WelSr*F!^3fl871 17.253,347 

Ca                      1872 29,330,436 

1873 24,715,125 

1874 30,180,632 

1875 42,911,048 

Buuion  export:  "  We  add  esi)ecial  statistics  of  the  bullion  exjwrt  from  San 
Francisco  during  the  three  years  1875  to  1877  from  the  re- 

Estimate  of  the  ports  of  the  German  consulate  of  that  city,  including  the 
countnes  for  which  the  exports  are  destined,  as  well  as  the 
nature  of  the  same. 

Export  of  bullion  in  ingots  and  gold-dust,  in  coin,  and  paper  monejf, 

[Paper  money  is  included  in  the  calcnlation  merely  in  ord^  that  the  snmii  of  the  t^ro 

statements  may  agree.] 


Deatinatlon. 


Destination. 


Bxport  by  sea  to  England 

Export  by  sea  to  Chma.     .     . .  . 

Export  by  sea  to  Panama 

Export  by  sea  to  Japan 

Export  by  sea  to  other  countries 

Remitted  overland  to  New  York 
Total 


1875. 


$173. 147 

7,052,953 

2.070 

0,063 

507,821 


1870. 


$43,803 

10,018.067 

10.300 

081.854 

440,010 


1877. 


$17,001,274 

5,282 

043,049 

874.574 


8,342,454 
84.508,594 


42.  Oil.  048 


12. 805, 534  I    19, 124. 189 
37.384.012  !    38.019.403 


49.780,140  I    57,743.051 


This  total  export  consisted  in — 


Nature  of  the 
exports. 


1875. 


$995,010 

8, 734, 714 

24, 930, 687 


Gold  ingots 

Silver  ingots 

Goldcoin 

Mexican  dollars 1  li822i078 

Golddust I  44.972 

Silvercoin I  1,140,010 

Tradedollars 4,910.850 

Peruvian  dollars 

Paper  money  ..  21,000 


187& 


$3,457,323 

10. 733. 307 

21. 701. 040 

2.897.113 

28,240 

5.108,931 

5. 734. 120 


Total. 


42,011,048     49,780,146 


1877. 


$2,200,282 

8,820,082 

29.000,525 

2.671.086 

22.397 

5.703,297 

8.629.34% 

27.037 


57.743.051 


sirae^of^^g     "  Since  the  year  1867  a  Commissioner  of  Mining  Statistics-^ 9 

Stotistics.         appointed  by  the  United  States  Government,  has  held  oi^ 

fice.    It  IS  his  duty  to  send  in  a  yearly  and  circumstantii 
account  to  the  Secretary  of  the  Treasury.    This  report 
then  laid  before  Congress  and  printed.    For  the  first 
J.  Boas  Browne,  years  this  position  was  held  by  Mr.  J.  Boss  Browne;  afti 
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him  by  Mr.  Bonaiter  W.  Raymond,  who  in  the  year  1877  o^^Jhe^'^c^twi 
handed  in  his  eighth  annual  report  (for  the  year  1876).  states. 
These  reports,  which,  as  the  anthor  states  in  the  preface  to 
the  last,  are  concluded  for  the  present,  contain  a  vast  num-  ^^'  R»yinoiid. 
ber  of  details  concerning  the  various  mining  enterprises  and 
also  much  technical  information  of  all  sorts.    Mr.  Raymond 
has  personally  inspected  most  of  the  mines  in  the  various 
States  and  Territories  and  put  himself  in  communication 
with  a  large  number  of  persons  who  could  give  him  useful 
information  on  the  subject  in  question,  and  from  whom  he 
almost  invariably  met  with  the  readiest  assistance.    In  col- 
lecting the  statistical  information  he  was  especially  aided 
by  the  express  companies.    On  the  other  hand,  the  circulars 
containing  lists  of  queries,  which  wei'e  distributed,  proved 
of  little  use. 

^^  Complete  and  statistically  accurate  accounts  are  given  of 
many  of  the  mining  enterprises,  but  in  regard  to  the  sum- 
niing  up  of  the  entire  bullion  yield  one  can  readily  perceive 
Mr.  Raymond's  diffidence  about  giving  comprehensive  state-    vaiae  of  Mr. 
ments  as  the  result  of  his  own  special  investigations,  whereas  tailed       ■tat4S' 
it  is  precisely  his  estimates  which  have  the  greatest  value™*" 
for  the  public  and  the  civil  authorities.    But  this  very  re-  Absenoeofcom- 
serve  on  the  part  of  the  author  in  giving  general  estimates,  erai  estim»t«8. 
on  account  of  the  incompleteness  of  his  materials,  gives  one 
<^nfidencein  his  detailed  statements.    When  Mr.  Raymond 
occasionally,  though  with  reservations,  gives  general  esti- 
mates, they  may  be  regarded  as  more  authoritative  than 
others,  unless  a  decided  reason  for  material  deviation  be 
given. 
*^The  following  tables  contain  the  yearly  reports  of  Mr.    Annual  yield  of 

i>  *f  t/       x-  ppecious    metals 

-Raymond  on  the  annual  yield  of  the  precious  metals  in  the&  states   and 
Various  States  and  Territories,  and  also  a  summary  of  the 
^^'^aumable  total  yearly  yield  of  both  gold  and  silver : 


States  and  Territories. 

g^:-.::;:::::::;::::;::: 

^t|!»on  and  Wasbingtcm 

5^*>«ona 

Q^J^''' Mexico 

^fjj^jado  and  Wyoming 

'^'*>n  otiier  parts — 

Tofcsl 


1868. 

iseo. 

1870. 

187L     186S-187L 

^oo^ooo 

$22,600,000 

$25,000,000 

$20,000,000 

14,  OGO,  000 

14. 000, 000 

10, 000, 000 

22,600,000 

15, 000, 000 

9,000.000 

9, 100, 000 

8,050,000 

7, 000,  OCO 

7, 000, 000 

0,000,000 

5,000,000 

4,  000,  COO 

3, 009. 009 

3,000,000 

2,500,000 

500,000 

1,000,000 

800,000 

800,000 

250,000 

500,000 

500,000 

500,000 

3, 250, 000 

4, 000, 000 

3, 775, 000 

4, 7G3, 000 

w  •               -  • 

1, 300, 000 

2,800,000 

1.  im,  000 

600,000 

525,000 

250,000 

07,(00,000 

61,500,000 

68,000,000 

06,068,000 
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Ballion  product 
of  the  United 
Stfttes. 


States  and  Territoriea. 


Annual  yield  of  California 

preoioiu    metola  Nevada 

Dv    States    and  Montana 

Territories:  1872- Idaho .^. 

1875.  Oregon  and  Washington 

Arizona    

New  Mexico 

Colorado  and  Wyoming  . 

Utah 

From  other  parts , 


Total 


1872. 


$19, 049, 098 

25,548,801 

8,068,339 

2, 695. 870 

2,000,000 

625,000 

500,000 

4,761,465 

2,445,284 

250,000 


68,943,857 


1873. 


$18,025,722 

35,254,507 

5, 178, 047 

2, 500, 000 

1, 585, 784 

500,000 

500,000 

4,070.263 

3, 778, 200 

250,000 


71,642,523 


1874. 


$20. 300. 531 

35,452,233 

3.844,722 

1,880.004 

763,605 

487,000 

500,000 

5, 188. 510 

3, 911, 001 

100,000 


72,428.206 


$11 

4^ 

S 

1 

1 


74 


Total  bullion 
product  of  the 
United  States: 


Jbtal  huUion  product  of  the  United  Statee. 


Years. 


1848-1875. 


1848 
1848 
1850 
1851 
1852 
1863 
1854 
1865 
1856 
1857 
1858 
1859 
1860 
1861 
1862 
1863 
1864 
1865 
1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 


Gold. 


$10, 000, 000 
40,000,000 
50,000,000 
55,000,000 
60,000,000 
65,000,000 
60,000,000 
50,000,000 
55,000.000 
55, 000. 000 
50,  OOO,  000 
50,  OUO.  UOO 
46,000,000 
43,  UOO,  000 
39, 200. 000 
40. 000. 000 
46. 100, 000 
53, 225. 000 
53,500,000 
51, 725, 000 
48,000,000 
49. 500, 000 
50. 000, 000 
43. 500, 000 
36,000.000 
36,000,000 


Silver. 


$50. 

50, 

50, 

50, 

50, 

50, 

50, 

50, 

50, 

50, 

50, 

100, 

150, 

2,000, 

4,500, 

8.500, 

11,000. 

11,250. 

10,000, 

13,500, 

12.000, 

13.000 

l&OOO, 

22,000. 

25, 750, 

35, 750, 


000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 


G< 
I 


$ic 

4( 
5( 
5£ 
6C 
6! 
6( 
5£ 
5S 
X 
5( 
5( 
U 
At 
42 
4i 
5^ 
64 
62 

6: 

6( 
6S 
6f 

6: 

61 
71 
75 

74 


the  sums  totaL 


On  the  relative     "  That  Mr.  Eaymond  refrained  from  expressing  an  o] 
goidMdsUvM        bis  latter  reports  in  regard  to  the  relative  proporti 

gold  and  silver  in  the  sum  total  is  explained  by  tl 
that  a  suflBcieutly  explicit  statement  had  not  yet  been 
of  the  liTold  contained  in  the  ores  of  the  Gomstock  Lode 
another  occasion  ho  estimated  the  silver  product  for  1 
$32,800,000  and  for  1875  at  $41,400,000.  In  the  matei 
the  report  of  the  British  Parliamentary  Commissio 
Eaymond's  estimate  in  regard  to  the  relative  proporti 
gold  and  silver  in  the  total  yield  of  the  product  for  the 
1874  and  1875  is  supplemented  by  roughly  assumii 
relative  proportions  of  gold  and  silver  in  the  total  jic 
the  years  1874  and  1875  at  the  round  sums  of  $40,0 
gold  and  $32,000,000  silver. 
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*'The  following  tables,  made  out  by  Mr.  Valentine,  of  the^Bo^^^np^j^ 
presumable  bullion  yield  in  the  United  States  firom  1871  to  states. 
1376,  have  been  published  by  Professor  Suess : 


Yean. 

Gold. 

Silrer. 

Gold  and 
ailyer. 

im 

$85,000,000 
89,460,000 
40,460,000 
40, 100, 000 
41, 750, 000 
44,330,000 

$20,290,000 
20,580,000 
28,250,000 
30,500,000 
84,040,000 
41,600,000 

$56,190,000 

i«72 ; 

50.990.000 

W73....     ::'  *    

68,710,000 
70,  COO,  000 
75,700,000 
85^830,000 

1871...      

1875..., :;**." 

1876.... 

Valentine's 
table  of  the  bul- 
lion yield  of  tiie 
United  States: 


1871-1870. 


^^  Mj.  Raymond's  reports  of  the  annual  bullion  yield  in  the    Report  of  oer- 
vario^ig  States  and  Territories  west  of  the  Rocky  Mountains  SSTrmiciMo.  *' 
Bttay  l>e  complemented  by  extracts  fh)m  the  report  of  the 
German  consulate  at  San  Francisco,  according  to  approxi-^^^^jg^^J  ^ 
niftte  valuations  of  the  amounts  of  gold  and  silver : 


dact: 


pro- 


states and  Territories. 


g»lifomia 

{^Tsda 

^*Son  .*.'.***. mi! 

M^eton 

l^ewHexico 

/Wyoming  imd  Dakota 

i/opido 

S?ico 

^«»tiah  Columbia... 

a  -     Total 

Subtracted  lor  Mexico  and  British  Colombia 

Bullion  jrield  of  the  United  States 


1870. 


$19,000,000 

40, 300, 000 

1,200,000 

100,000 

1.700,000 

2,800.000 

5,600.000 

1.400,000 

500,000 

700,000 

7,000.000 

2, 200, 000 

1,500,000 


93.000,000 
2, 700. 000 


90, 800, 000 


1877. 


1870-1877. 


$18. 174, 716 

51, 580. 290 

1, 191. 907 

92, 226 

1, 832, 495 

2,  614, 912 

8, 113. 755 

2,388,622 

379, 010 

1,500,000 

7. 913. 549 

1,432,992 

1, 177. 190 


998. 421, 754 
2, 010, 162 


05, 811, 572 


'*  Of  this  product,  in  1877  ($98,421,754)  about  $50,000,000,    Relative  nuan- 
^^  lather  more  than  half  the  sum  total,  was  gold,  whereas  of  iiiv^?if76-i8?7^ 
^l^e  yield  in  1876  about  $48,000,000  was  gold  and  $45,000,000 
Silver.    The  consular  report  contains  the  following  observa- 
^ou3  on  the  sources  of  these  tables:    ^The  statements  of     Difficulties  in 
^^  various  mining  companies  regarding  the  yield  of  their  ?nform5tfon*frSm 
"^Oes  are  by  no  means  accurate,  for  no  one  is  disposed  to  ^"^p**^^®*- 
^how  his  hand,'  and  the  artificially  stimulated  fluctuations 
^^  the  stock  market  are  dependent  upon  reports  alternately 
*^^peful  and  discouraging,  and  which  have  little  in  common 
^th  the  real  state  of  affairs.    Wells,  Fargo,  &  Co.  still  re-    Data  of  the  ex. 
^8^in  the  most  trustworthy  authorities  for  the  bullion  yield,  Semostreii5b?c! 
^  the  greater  part  of  it  is  transported  by  them.    In  cases, 
^,  where  mere  estimates  only  are  possible,  they  have  busi- 
ness connections  through  which  they  can  arrive  better  than 
^y  one  else  at  the  correct  valuation.' 
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o?°tho°^u^ucd     '*  "^^^  whole  bullion  product  of  the  United  States  west  of 
statea.  the  Eocky  Mountains  is  roughly  estimated  as  follows : 

California |l,H>5, 200,000 

Total  bullion  Nevada :}96, 600,000 

United*    stote^ Oregon  and  WashiD^on 44.000,000 

westofthe  Rocky  Idaho 65,000,000 

Mountains. 

Montana. 130, 600, 000 

Utah 35,500,000 

Arizona 10,300,000 

Colorado ^ 52,600,000 

Wyoming  and  Dakota 3, 100,  OOO 

New  Mexico 4,600,000 

Total 1,907,500,000 

From  British  Columbia 31,200,000 

From  the  northwest  coast  of  Mexico 7, 400, 000 

Aggregate 1,946,100,000 

reports  *^*Sf  ^The     "  ^®  extract  from  the  reports  of  the  British  consul  at  San 
British  consul  at  Fraucisco  some  of  the  observations  which  are  annexed  to 

San  Francisco. 

the  tabular  statements,  at  the  same  time  noting  the  fluctu- 
ations in  the  price  of  quicksilver,  as  they  are  of  great  im- 
portance in  the  milling  of  silver  ores,  not  only  in  the  United 
States  but  also  in  Mexico  and  South  America. 

Reporfc for  1872.     ^^  Report  fov  the  year  1872. — ^Wells,  Fargo,  &  Co.  Express 
forwarded  silver  to  the  value  of  $62,000,000,  and  as  it  may 
be  presumed  that  at  least  a  quarter  more  found  ita  way  to 
San  Francisco  through  other  channels,  the  statisticians  do 
not  consider  $80,000,000  too  high  an  estimate  for  the  total 
bullion  yield  of  the  whole  country  west  of  the  Eocky 
Mountains.    The  largest  part  of  it,  however,  no  longer  comes 
from  California,  but  from  Nevada,  which  State  is  credited- 
with  $25,500,000.    Comparatively  the  greatest  advance  wasi 
made  by  Utah  Territory,  whose  share  has  been  variously^ 
estimated  at  from  $4,000,000  to   $10,000,000,  while   the 
Washoe  Silver  Mines  still  remain  the  most  productive.    !•" 
is  worthy  of  note  that  the  gold  product  is  on  the  decreases 
while  that  of  silver  is  on  the  increase.    The  quicksilver- 
product  in  California  amounted  to  30,306  flasks ;  the  pric^:: 
ranged  from  85  to  87J  cents  per  pound. 

Report  for  1874.     "  Rcportfor  the  year  1874.* — The  yield  of  the  mines  in  tl 
various  States  and  Territories  is  larger  than  that  of  ai 
preceding  year,  partly  in  consequence  of  the  extraordinai^ 
richness  of  many  veins,  partly  also  because,  the  rains  hj 
ing  been  early  and  plentiful,  mining  could  be  carried 
longer  than  usual.    The  returns  exceed  those  of  1873 


* 


No  rcjiort  has  been  presented  for  ihc  year  1873. 
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82,000,000,  and  those  of  1872  by  $12,000,000.    The  yiekl^B"J^^«np^^2^ 
consisted  of  gold  dust  and  ingots  to  the  value  of  $20,358,770,  «t^tc8. 
of  silver  ingots  (which,  however,  frequently  contain  one- 
quarter  part  gold)  to  the  value  of  $36,681,411,  and  of  argen-  BritlKn/ui  at 
tiferoos  lead  ores  to  the  value  $12,360,868.    Utah  yields  ^*"  ^'"^"^^^""^ 
principally  argentiferous  lead ;  the  gold  yield  of  this  Ter- 
ritory in  1874  did  not  exceed  $100,000.    Colorado  ingots  con-    Reportfor  i874. 
tain  about  five-eighths  silver  and  three-eighths  gold.    The 
mines  of  California  (with  the  exception  of  the  Inyo  district) 
and  New  Mexico  yield  almost  exclusively  gold.    The  most 
important  event  was  the  discovery  towards  the  end  of  the 
year  of  an  ore  body  in  the  Comstock  Lode  which  appears 
to  surpass  all  former  discoveries  in  size  and  richness.    The 
yield  of  the  quicksilver  mines  was  34,154  flasks ;  the  price 
rose  from  $1.20  to  $1.55. 

"  Report  for  ths  year  1875. — The  total  yield  for  this  year  reportfor istc. 
may  be  estimated  at  $90,000,000 ;  for  besides  the  $80,889,037 
which  were  intrusted  to  Wells,  Fargo,  &  Co.  as  the  yield  of 
the  mines  in  the  States  and  Territories  lying  west  of  the 
Missouri,  ores,  gold  dust,  etc.,  were  exported  by  other  and 
Private  means.  The  Nevada  (Comstock  Lode)  mines  yielded 
^5,000,000  more  than  in  the  preceding  year,  in  spite  of  the 
^,  which  caused  a  suspension  of  work  for  many  months, 
and  therefore  the  assumption  that  they  will  yield  $50,000,000 
^  1875  is  not  unfounded.  The  product  of  the  California 
Quicksilver  mines  was  53,706  flasks.  At  the  end  of  the 
^^r  the  price  had  sunk  to  02 J  cents  per  pound. 

^^  Report  for  the  year  1870. — Wells,  Fargo,  &  Co.  trans-    Reportfor  isrc. 
Ported  $75,199,541  in  gold  and  fine  silver  ingots.    But  a  large 
^JiJomit  of  bullion  from  the  distant  mines  was  transmitted 
yy  private  means  and  by  post  to  save  the  high  express  and 
^^«Jurance  rates,  and  the  base  bullion  was  sent  almost  with- 
^^t  exception  as  freight.    The  sum  total  may  be  pretty  ac- 
J^rately  estimated  at  $93,000,000.    In  consequence  of  the 
*^^  which  the  mine  owners  met  with  through  the  deprecia- 
tion of  silver,  they  lowered  the  wages  of  the  miners.    The 
^i^ld  of  the  quicksilver  mines  in  the  year  1870  was  unusu- 
ally large,  and  amounted  to  75,074  flasks.    This  increased 
l^^xxiuce  reduced  the  price  of  quicksilver  to  55  cents  per 
iH^und. 

^^  Report  for  the  year  1877. — It  was  supposed  that  the  gold    Reportfor  is:?. 
^*iel(l  tor  this  dry  year  had  been  as  poor  as  the  wheat  har- 
"^^st,  as  water  is  almost  as  essential  for  mining  as  for  agri- 
culture.   The  primitive  method  of  washing  the  gold  found 
on  the  surface  by  hand  (placer  mining),  now  falling  into 
^use  and  undertaken  to  any  large  extent  only  by  the 
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o?"the°^rStlS  Chinese,  is  as  a  matter  of  course  dependent  upon  rain.  S 
states.  too,  is  the  process  known  as  the  hydraulic  method,  in  whicl 

hill-sides  are  disintegrated  and  strata  of  auriferous  grav 
BriiSsh'wiwui  at  ^®  ^ashcd  out.  Jets  of  water  issue  from  movable  nozzl 
Smi  Frandaoo.    of  6  and  10  iuchcs  in  diameter  under  tremendous  pressu 

towards  the  bank  which  is  to  be  demolished.  Tliis  meth( 
Rcportfori877.of  mining,  too,  must  suffer  from  a  dry  year,  although  tl 

water-power  is  obtained  from  large  brooks  which  seldo 

run  dry.  Finally,  in  very  many  of  the  tunnel  mines  prop 
Apprehenaiona  water  is  the  ouly  motivc  power  for  the  quartz  mills.    1 

owing  to  acardty  v  * 

of  water.  conscquencc  of  all  this,  the  natural  conclusion  was  that  tl 

yield  for  1877  would  be  far  smaller  than  that  of  the  previoi 
year.  This  apprehension  appears  the  more  warrantabl 
because,  during  the  year,  the  whole  list  of  mining  shan 
sunk  lower  and  remained  depreciated  longer  than  had  ev< 
Depreciation  of  before  been  the  case.    It  appears,  however,  as  if  there  wei 

^     ^*  some  other  ground  for  this  continued  depreciation  of  tl 

stock  besides  the  unproductiveness  of  the  mines,  and  tl 
reason  is  probably  to  be  found  in  the  fact  that  there  was 
great  lack  of  money  among  the  speculating  public  and 
consequent  inability  to  buy;  for  if  the  newly-issued  repor 
are  in  any  way  to  be  credited,  the  bullion  yield  in  1877  ws 
not  inferior  to  that  of  the  previous  year.  In('alifomi 
New  Mexico,  Montana,  British  Columbia,  and  Mexico  tl 
total  yield  is,  to  be  sure,  somewhat  behind  that  of  1876,  bi 
the  difference  is  comparatively  small.  It  may,  therefore,  1 
concluded  that  the  loss  caused  by  scarcity  of  water  hj 
been  made  good  by  the  discovery  of  new  mines  and  tl 
enlargement  of  old  ones,  and  that,  had  it  not  been  for  th 
drawback,  the  yield  would  have  been  far  higher,  as  Nevad 
Utah,  Arizona,  Oregon,  Washington,  Idaho,  Colorado,  ai 
Dakota,  where  rain  and  snow  were  plentiful,  have  larg 
returns  to  show.  These  remarks  are  followed  in  the  repo 
by  the  detailed  estimate  of  the  probable  yield,  amonntix 
to  $94,421,754,  which  has  already  been  given.  The  quie 
silver  product  amounted  to  78,000  flasks.  In  consequen 
of  the  low  prices  the  production  of  many  of  the  mines  w 
intentionally  reduced.  A  combination  of  the  princij 
quicksilver  mining  companies  succeeded  in  bringing  tJ 
price  up  to  02^  cent>s  for  a  short  time,  but  the  average  w^ 
about  42  cents  per  pound. 
suver  produc-     "  Somc  data  respecting  the  silvcr  productiou  of  the  Unites 

States  have  already  been  given  in  connection  with  the  goh 

Up  to  1859  re.  yield  for  the  same  period.    It  is  confessed  on  all  sides  that  a] 

J^il^t'ingoT^oid^^to  the  year  1859  the  silver  yield  of  the  United  States  aro» 

almost  exclusively  from  the  parting  of  gold,  and  was  of  ver; 
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small  importance.    Since  the  discovery  and  opening  of  tlie^^'»^'^p^^J2 
rich  silver  mines  of  Nevada,  however,  it  has  obtained  a  states. 
much  greater  imx>ortance,  esi>6cially  since  the  opening  of  the   Nevada  mincMi. 
Comstock  Lode,  from  which  within  a  short  time  such  enor-    Comatockiode 
mons  quantities  of  silver  have  been  produced  as  was  never 
before  known  since  the  best  days  of  the  mines  of  Potosi 
and.  one  or  two  Mexican  mines.    The  silver  yield  of  the 
United  States  seems  to  have  reached  its  maximum  in  the 
yectfs  1875-'77.    But  large  as  the  yield  really  was,  the  exag- 
gei*ation  usual  in  such  cases  was  not  lacking.     For  this 
reason  there  was  a  great  variation  in  the  estimates.    This 
wske  the  more  natural,  as  at  that  time  the  fluctuations  in  the 
pirice  of  silver  and  the  extraordinary  reduction  of  the  same 
arx>a8ed  an  unusual  interest  in  the  subject. 

*<The  board  of  commissioners  appointed  by  the  Briiish    Brjiuh  Parii*. 

■Tfc  mentar}-  investi- 

J^^rUament  on  the  3d  of  March,  1879,  to  investigate  the  gation    on    the 

'  cause  of  uepreo- 

c^i^^  of  the  depreciation  of  silver,  give,  in  their  report  dated  ation  in  the  vaine 

*r vijy  3,  of  the  same  ye;ir,  a  detailed  account  of  the  develop-  ° 

na^nt  of  the  silver  produce  in  the  United  States,  and  espe- 

(^i^Jly  in  regard  to  the  years  1874-76.    They  also  collected 

^  c^nantity  of  material  in  reference  to  this  subject,  which  is 

l>ci.blished  in  the  supplement  to  the  report.    The  yield  of 

s>C3T6ral  individual  mines  of  the  Comstock  Lode  are  given  *, 

s^l^o  the  quotations  and  dividends  of  many  of  these  mining 

enterprises,  and  various  other  details  of  the  same  character. 

I^he  general  statistical  statements  which  were  submitted  to 

tliem,  however,  vary  very  much  from  one  another,  and  the 

<x>mmissioners  were,  therefore,  unable  to  come  to  a  final 

decision  as  to  which  of  the  estimates  was  approximately  the 

Idlest  correct.    Many  of  the  estimates  give  a  presumptive 

^Iver  yield  in  the  United  States  in  the  year  1876  of  about 

♦50,000,000.    There  was  an  equally  large  and  even  an  in- 

^sreasing  yield  anticipated  until  a  correspondence  from  San 

^faudsco,  which  was  published  in  the  ^  Times,' put  an  end  to 

such  exaggerated  representations.    It  is  here  stated  with 

^thority  that  the  silver  product  in  the  United  States  in  the 

\       year  1876  did  not  exceed  24,000,000  ounces  fine  silver  or 

(the  ounce  being  reckoned  at  $1.15)  $27,600,000. 

^^  We  had  intended  limiting  ourselves  to  the  brief  notes 
Already  given  in  reference  to  the  silver  produce  of  the  United 
States,  regardless  of  the  f  :ct  that  so  great  a  mass  of  detailed 
•sports  lie  before  us  that  many  pages  might  be  filled  with 
them:  a  decisive  reason  for  this  limitation,  however,  is  the    speciri  report 

ntv«  r.  .    1      /v,    .    ^  ^\  .         .,       . .  ,     tothoU.S.Moii«». 

<^PP6arance  of  a  new  special  omcial  report  bearing  the  title  laryCommiMion. 
*  Special  Eeport  to  the  United  States  Monetary  Commission 
^^  the  Becent  and  Prospective  Production  of  Silver  in  the 
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of "^thr  ^D^itS  ^^^^^    States,  particularly  from   the    Gomstock  Lode,' 
States.  Washington,  February  24, 1877.    This  treatise  is  to  be  found 

in  the  supplement  to  the  report  of  the  aforementioned  Sil- 
^Regort  of  A.  vcr  Commissiou  (vol.  1,  pp.  1  to  60),  which  appointed  Mr. 

Del  Mar  to  examine  into  the  bullion  product  at  its  source,  in 
order  to  do  away  with  the  universal  uncertainity  in  reganl 
to  the  amount  of  the  same. 
prevfms^methodi     "  ^^*  "^^^  ^^^  ^^^  cxplaius  the  mothods  for  estimating  the 
2^?^r^^bi§Jion  ^'^^^  bullion  yield  in  the  United  States  which  had  been 
yield.  in  use  up  to  that  date.    The  "export  and  consumptions 

and^^  ^*^'5JPJJ*^ method"  consisted  in  estimating  the  product  according  tc 
tions"  method,    the  cxpoit  schcdulcs  aud  the  amounts  which  had  been 

coined  during  the  year.  The  results  of  this  method  are. 
however,  most  imperfect  owing  to  the  notorious  untrust 
worthiness  and  incompleteness  of  the  export  statistics 
The  "express  "The  so-callcd  "cxprcss  method"  consists  in  the  estimates 
made  by  Mr.  Valentine,  superintendent  of  WeDs,  Fargo,  & 
Co.  Express,  of  the  bullion  produce  of  the  mining  dlstricl 
west  of  the  Great  Salt  Lake,  which  is  transported  :.lmosi 
exclusively  by  this  company.  The  ordinary  statements 
which  are  pubhshed  in  the  San  Francisco  papers  are  firon 
this  source,  and  are  regarded  by  the  commercial  public  m 
being  more  approximately  accurate  than  the  discordan 
published  estimates ;  but,  on  the  other  hand,  the  objection  h 
raised  that  considerable  amounts  of  gold  dust  and  ingot 
are  brought  to  market  from  the  interior  without  the  express 
company  being  employed,  and  that  ores  which  frequentl; 
contain  bullion  are  usually  sent  as  ordinary  freight  by  rail 
and  that,  therefore,  in  these  cases  Mr.  Valentine  is  uuabl 
to  do  more  than  merely  calculate  the  probabilities.  It  i 
also  very  possible  that  the  same  amount  may  be  twic 
stated,  which  would  of  course  unduly  increase  the  estimate 
Furthermore,  tihe  auriferous  silver  is  stated  simply  as  silvei 
and,  therefore,  in  the  declarations  which  have  heretofoc 
been  made,  the  gold  product  is  put  down  at  too  low  a  figui 
and  the  silver  product  at  more  than  it  should  be. 
The " luink  *  ^<  The  ^ bank  method'  is  the  estimate  which  is  gained  fixB 
a  combination  of  the  returns  of  three  banks  of  San  Fna 
Cisco,  through  whose  hands  almost  the  entire  silver  prodi3 
of  California  and  Nevada  is  put  upon  the  market.  In  crl 
cising  this  method  it  was  pointed  out  that  it  would  be  pc 
sible  to  gain  a  trustworthy  estimate  of  the  bullion  yielcl  < 
the  United  States  in  this  way  if  all  the  assayers  wbi 
obliged  by  law  to  declare  the  results  of  their  assays  to  tJi 
Treasury,  as  all  the  gold  and  silver  obtained  in  the  Unitec 
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States,  down  to  trifling  snms,  are  tested  for  their  alloy  either  ^^«»J^^p^jjJ 
in  the  mints  or  by  private  assayers.  s*****- 

"  To  ascertain  the  bullion  yield  of  Nevada  the  '  assessor's  jj^^JJJ^  **^  ^' 
method '  may  also  be  employed.    According  to  a  law  of  this 
State,  made  in  1864,  a  yearly  tax  is  levied  on  the  mines  o^  ,or'g^?*method^* 
about  1  i)er  cent,  of  the  amount  of  their  net  proceeds,  and 
as  a  check,  statements  of  the  gross  proceeds  must  be  made 
qaarterly.    Mr.  Del  Mar  is  convinced  that  with  one  or  two 
trifling  exceptions,  such  as  the  omission  of  the  quarterly 
declaration  on  the  part  of  small  mining  enterprises,  and  con- 
cerning the  reworking  of  ores,  the  estimates  of  the  bullion 
yield  of  Nevada  gained  in  this  way  may  be  regarded  as  ac- 
curate. 

'^  JAt.  Del  Mar  made  use  of  a  new  and  independent  method  sou^r  jonea 
w  valuation  suggested  to  him  by  Senator  Jones,  president 
^  the  Silver  Commission.  Mr.  Jones  has  large  mining  in- 
^^i^ents  in  Nevada,  and  is  well  acquainted  ^ith  the  state  of 
affairs  there.  This  method  consists  in  extracting  from  the 
b^^ion  books  of  the  various  mining  companies  their  output. 
^hore  are  certain  difficulties  connected  with  this  method : 
^e  number  of  small  mining  enterprises  is  large ;  the  fiscal 
y^ar  of  the  various  companies  differs ;  and,  finally,  in  early 
^aye  the  gold  and  silver  yield  was  not  entered  separately 
^Pou  the  bullion  books  of  many  of  the  companies.  It  was 
Pofiaible  to  overcome  these  difficulties,  however,  though  not 
^thout  much  labor.  It  is  said,  to  the  credit  of  the  mining 
^mpanies,  that  the  desired  information  was  always  given 
^th  great  readiness,  and  the  tax-lists  of  Nevada  were  of 
^^i^ce  in  supplementing  and  verifying  the  reports. 

'*  On  account  of  the  insufficiency  of  time  and  assistance,  umi^tiS^f^Se 
^©8e  detailed  and  statistically  comprehensive  investigations  J**^^*  ^^ 
^uld  not  be  extended  to  any  extent  beyond  the  limits  of ««». 
Nevada  up  to  the  date  of  publication.    That  State,  how- 
^^er,  furnishes  the  preponderating  part  of  the  entire  prod- 
uct.  For  the  present  only  the  returns  for  the  years  1871-^76 
*^ave  been  given.    The  necessary  material  for  the  reports  of 
^e  preceding  years,  1861-'70,  has  already  been  extracted 
from  the  bullion  books,  but  not  yet  worked  up.    This  will, 
Jiowever,  be  done  subsequently. 
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o?^r^D^w     "'^^  results  of  Mr.  Del  Mar's  investigations  are  as 

States.  lows: 


Beaolt  of  Del 
Mar's  Investiga- 

tiOXL 


Gold  and  ailyer 
product  of  the 
tTnited  States. 


1871-1872. 


1873-1874. 


187».187e. 


1871. 

187S. 

Districts. 

Gold 
prodnot 

Silver 
product. 

Gnld 
product. 

Sfli 
prod 

Comstock  Loda 

f4»077,427 
1,485,007 

$6,230,587 
7.880,764 

16,810.035 
2^142,730 

$6,6 

Oth<^<'  miiif4  in  Nerada    

9.9i 

Whole  of  Nevada 

Kemainder  of  tho  TTnited  States 

5,582,434 

14,111,851 
4.000,000 

8,452,765 

10,51 
2.0< 

Entire  siWer  nrodnct   . . 

18,111,351 

18. 5( 

1873. 

1874. 

OomstookLode 

Other  mines  in  Nevada 

10,403,756 
2,878,460 

11. 037, 020 
8,0M,44O 

12,579.825 
1,650,202 

8.5S 

Whole  of  Nevada 

13,172,225 

10,131,460 
6,000,000 

14,230,027 

15,44 

Bemainder  of  the  United  States  . . . 

10. « 

Total  silver  nrodnct 

25,131,460 

25,40 

1875. 

1876. 

Comstock  Lode 

Other  mines  in  Nevada 

11,780,878 
2,256,618 

14,402,850 
6,717,636 

18,002,906 
1,887,708 

20,671 
7,46 

Whole  of  Nevada    .  -     

Remainder  of  th4>  TTnited  States  . . . 

13,806,401 

21, 209, 086 
9,000,000 

19.840,704 

28.03 
10,15 

Total  sflvor  nroduct 

80,209,986 

38.11 

•^t 

Silver  product     "  The  silver  prodact  in  the  United  States  (with  the  e 

of  the  U.  Sb  (ex-  ^ 

ceptingNevada):  tion  of  Nevada)  is  given  for  1876  as  follows : 

Utah |3,f 

Colorado • 3, 

California 1, 

Arizona 

Montana 

Idaho 

New  Mexico 


Total,  about 


Reawm  forgiv.     " The  bolljon  viold  in  the  United  States  is  of  siif 

ing  a  variety  of  . 

atatementa   and  tanco  that  it  has  been  considered  best  to  give  in  f 

aothoritiea. 

principal  estimates  and  valuations,  however  much 
differ  from  one  another.    From  this  material  ao 
takes  an  interest  in  the  matter  can  form  his  own 
the  subject. 
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Pniodi. 


ia8]-'40. 
lMl-'60. 
1851-'55. 

1861-'65. 


i 


o 


17 

10 

10 

10 

5 

5 

5 

5 

5 


0<dd  product. 


Totol. 


Kiht. 

eo 

1,100 
8,600 
176,000 
444,000 
885,600 
333,500 
380,000 
297,600 


Yewiy 
average. 


Kiios. 

8.5 

110 

850 

17,600 

88.800 

77,100 

66,700 

76,000 

50,500 


I 


Value. 


Morki. 

9,800 

800,900 

2,371,500 

49, 104, 000 

247,752,000 

215, 109, 000 

186,093,000 

212,040,000 

166,005,000 


SQTer  product. 


TotaL 


Kiios. 


41,500 

31,000 

870,000 

1,505,000 

2,824,000 


Yearly 
average. 


KHoi. 


8,300 

6,200 

174,000 

801,000 

564,800 


Value. 


Bullion  product 
of  the  United 
States. 


Dr.  Soetbeer's 
oonclosionB. 


Marks. 


1,494,000 

1,116,000 

31,820,000 

54,180,000 

101,664,000 


TOTAL  YIELD. 


lOl-*80... 
MSl-'TS... 

30 
25 

185,600 
1,840,500 



517,824,000 
5,134,995,000 

5, 271, 500 

048,870,000 

.. 

WJl-TS  .. 

56 

2,026,100 

6,662,819,000 

^^  The  above  table  gives  in  German  money  and  metrical 
veiglit,  the  estimates  which  we  ourselves  consider  the  most 
accurate.*^ 


JAMES  D.  HAGXJE, 
Additional  OammissioTier. 
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[Bxtncto  fkxMn  th*  Official  Claaslflostion.  J 
CLASS  54.— MACHINES  AND  APPARATUS  IN  GENERAL. 


Steam-engines,  boilers,  steam-generators,  and  apparatus  pertaining  tbereto. 
Apparatus  for  condensing  steam. 

Machines  set  in  motion  by  the  evaporation  of  ether,  chloroform,  ammonia^  or  by  a 
combination  of  gases. 
Machines  set  in  motion  by  gas,  hot  air,  and  compressed  air. 
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REPORT 

ON 

STEAM  AND  GAS  ENGINES. 


machinery  shown  at  the  Exposition  of  1878  did  not   Ko  enginea  of 
t  many  valuable  improvements  or  new  features  inezhibitod."^ 
apartment.     Indeed,  it  was  hardly  to  be  expected 
the  short  space  of  eighteen  months  after  the  clasing 
Centennial  Exhibition  much  progress  could  have 
lade.    The  writer,  deeming  it  an  injury  rather  than  a 
to  cumber  reports  and  public  documents  with  de- 
3ns  of  work  shown  at  previously  held  exhibitions,  and 
^  described,  determined,  as  far  as  possible,  to  report  ^^^^^^^^  Jj 
pon  new  features  shown  for  the  first  time.    This  plan  to  new  features 

shown. 

b  lessen  the  labor  or  diminish  the  time  si)ent  in  ex- 
ig  the  machinery  exhibits,  and  in  many  if  not  in  a 
by  of  cases  the  time  and  labor  so  expended  failed  to 

anything  which  could  be  reported  upon  as  new. 

difficulty  was  experienced  in  the  endeavor  to  procure   Difficulty  in  ob- 

)tions,  drawings,  and  information  relating  to  ma- information. 

f  sought  to  be  examined.    Although  cards  were  pro- 

md  leit  at  the  stands  of  exhibitors,  explaining  their 

and  requesting  reports  in  its  aid,  the  responses  were 

)w  indeed,  and  frequent  calls  failed  to  secure  inter- 

^ith  piiiicipals  or  with  persons  in  charge  capable  of 

ig  in  an  examination.    Had  the  Additional  Commis- 

i  been  able  to  award  medals  or  prizes,  no  doubt  they 

have  been  as  fully  supplied  by  exhibitors  with  infor- 

as  were  the  members  of  the  International  Jury, 
ing  the  assignments  made  for  report  were  steam  and 
nnes  and  special  machinery.    Before  entering  upon  Report  on 

\.  .  «   . ,  •'..         ^„  ,,       u      if        detaiUqf parts qf 

itions,  a  review  of  the  practice  followed  by  builders  nti7»»»^ 
hinery  of  different  nations  in  general  styles,  details 
^truction,  use  of  devices,  etc.,  may  be  valuable. 

FrCLining,  Framing 

m  almost  universally  found  that  designers  had,  with 
r  less  fidelity,  followed  the  American,  or,  as  generally 
,  the  Corliss  patterns  for  beds,  carrying  in  small  en-    coriiastype. 
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o/oTufcT^^^^  ^^^^^  ^^®  cylinder  overhung  at  one  end  and  the  main  shaft 

bearing  at  the  other.    In  some  cases  the  whole  rested  on 
pedestals,  one  of  which  wiis  under  and  supported  the  cyl- 
inder.    Whether  of  the  Corliss,  box,  or  other  type,  all  for^ 
horizontal  engines  were  plain,  usually  with  rounded  comers, 
and  without  paneling  or  molding.    The  columns  of  some  ol 
the  vertical  steam-engines  were  fluted  and  ornamented.   Ii 
one  or  two  cases  one  large  column  carried  the  beam  and  thi 
Framing.        cutablaturc  extending  over  the  cylinder,  to  sustain  th< 

usual  parallel  motions.  In  most  of  the  vertical  and  beatz^:^ 
engines  exhibited  four  or  more  columns  are  used  to  canr^^ 
the  gudgeon-bearings  and  light  framing. 

Crank  shaft*  Cratik  shofts  and  journals. 

ami  JoumalH. 

Wrought-iron  shafts,  with  cranks  keyed  on,  were  used 
single-cylinder  engines,  one  journal  on  the  bed-plate, 
other  or  outer  bearing  in  a  separate  pillow-block.  In  twi 
and  in  double  cylinder  engines,  when  attachments  are  to 
made  outside  of  the  connecting-shaft,  bent  cranks  wen^ 
used  in  the  smaller  sizes,  and  in  some  of  the  larger  cla^^f^ 
cranks  were  keyed  to  the  shafts,  and  the  crank-pin  was  fixec:^ 
ill  one  crank  and  free  in  the  other ;  but  the  majority  of  sucf^— ^ 
engines  had  solid  double-throw  crank-shafts  of  the  marin^^^ 
type,  which  is  decidedly  the  best  practice. 

In  many  cases,  even  among  the  best  engines  at  the  Ex^   ^" 
position,  the  journ  .Is  of  crank-shafts  were  too  small  iu  di-^^  ^' 
ameter  and  length ;  several  required  extra  attention  and^^^ 
care  to  keep  them  cool  and  prevent  cutting. 

Bearings.  Benvings. 

In  most  of  the  engines,  perhaps  in  all  having  modent^^^^^ 
beds,  the  pillow-block  was  cast  to  the  frame.    A  few  had^^'^ 
Babbit  or  soft  metal  run  in  cast  iron,  but  by  far  the  greatest^ ^^^ 


number  used  brass  or  gun-metal  bearings.  These  were  ad^ 
justable  to  take  up  weai*  in  various  ways.  Most  of  them  w< 
MoJe8ofm\ju8t-  divided  in  two  horizontal  i)lanes,  the  side  brasses  set  up  bj^^^-^^ 
wedges  on  each  side,  operated  by  screws  or  by  set  screws^^^^^ 
the  caps  generally  bolted  dead,  and  having  lips  or  flanget^^^^ 
well  fitted  over  the  outside  of  the  columns  of  the  pillow^*^*^' 
blocks.  In  some  cases  the  wedges  were  only  placed  on  XhM^^^^ 
side  farthest  from  the  cylinder,  so  that  the  wear  of  the  coc^-^^" 
necting-rod  and  bearing-brasses  could  be  taken  up  in 
site  directions.  There  were  instances  of  a  division  of 
bearing  into  two  equal  parts,  in  a  vertical  plane  in  socrrza/^ 
and  a  horizontal  plane  in  others.  Here  there  is  adjustm^^s/7/ 
in  but  one  direction.    The  practice  first  above  noted      ^ 
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clearly  the  best.    Outer  bearings  generally  had  only  ver-^^^^ij^*^^^'^' 
tical  adjustments,  that  is,  the  brasses  were  divided  in  a  hori- 
zontal plane  through  the  center  of  the  shaft,  which  is  quite 
safficient    Caps  were  held  down  by  four  bolts  in  all  the   ^^g" 
engiDes  exhibited,  except  in  the  French  Corliss  and  in  the 
small  English  engines. 


Oannecting-rods. 

The  beam-engines  were  fitted  generally  with  cast-iron 
connecting  rods  somewhat  ornamental  in  design.  For  hori- 
zontal engines  the  prevailing  style  was  wrought  iron,  gen- 
erally round,  occasionally  flattened.  A  few  firms  made  their 
i^^s  largest  in  diameter  at  the  crank  end.  Various  plans 
^ere  shown  of  inserting  the  crank-pin  and  cross-head 
l^rasses,  but  nothing  that  was  new.  While  anumber  of  the 
exhibitors  used  the  form  of  marine-ended  connecting-rod — 
tbat  is,  rods  in  which  the  adjustment  for  wear  is  made  by 
l>olts  placed  directly  in  the  line  of  pull — by  far  the  greatest 
^timber  used  open-ended  jaws,  the  brass  held  in  place  and 
^he  wear  taken  up  by  a  taper  key  between  the  brasses  and 
^  gib.  In  some  cases  the  wear  was  taken  up  in  opx)osite 
^iirections,  so  as  not  to  alter  the  length  of  the  rod,  and  the 
^«y  was  held  in  place  sometimes  by  double  nuts,  generally, 
however,  by  a  set  screw  through  the  side  of  the  block. 

Guides. 

Some  of  the  engines  exliibited  worked  the  cross  heads  on 
^^rrow  double-bar  slides,  InsufAcient  in  bearing  surface.  A 
^^mber  had  cylindrical  l>eariugs,  that  is,  bored  in  the  bed, 
^f  course  in  line  with  the  cylinder;  and  the  constraint  of 
^h^  connecting-rod  was  regarded  as  sufficient  to  prevent  the 
I^i^ton-rod  Irom  turning.  Others  had  V-shai>ed  guides. 
-*^e  best  in  practice  was  found  among  those  which  used  a 
^^t  bearing,  somewhat  in  the  style  of  marine  engines,  wide 
^^^fl  large.  The  cross-heads  were  arranged  with  bearing 
I^ieces  suitable  to  the  form  of  guide  adopted,  and  the  wear 
^^ten  up  by  some  form  of  wedge  or  screws. 

Valves. 

The  engines  in  the  Exposition  showed  a  considerable  va- 
^^ty  in  the  form  of  steam-distribution  valves.  Although 
^^any  attempts  have  been  made  to  supersede  the  common 
^lide- valve,  it  seems  still  to  retain  its  hold,  and  was  used  in 
^^5irious  forms  by  more  than  one-half  of  the  builders  repre- 
sented at  the  Exposition ;  double-beat  valves,  Corliss  valves, 
^Tid  a  few  of  piston  form  were  used  by  the  remainder.    In 


rods. 


ConiiectiTiic- 


Qnidcs. 


Viilves. 


368 


TUNIVEBSAL   EXPOSITION    AT  PABI8|  1878. 


o/StaiMp^^^  case?  of  slide-valve  engines,  except  of  very  small  one 

some  arrangement  for  cut-off,  by  the  use  of  an  additionj 
slide,  was  adopted ;  while  in  but  few  cases  did  the  plan  ol 
tain  of  dividing  the  valve  in  two  parts,  that  is,  placing 

vaivea.  valvc  at  cach  end  of  the  cylinder,  so  as  to  reduce  the  po: 

contents,  or  distance  from  the  under  face  of  the  valve  to  tl 
cylinder,  the  advantage  of  which  arrangement  is  apparei 
and  would  be  considei^able. 

There  were  several  instances  in  which  an  additional  val^ 
on  the  back  of  the  main  slide  had  some  form  of  trigger  i 

Expanaion.      Icasc  for  workiug  expansion,  which,  controlled  by  a  go  vernc 
can  close  suddenly,  while  some  few  others  used  four  separsi 

sude-yaives.    slidcs — ^two  for  admissiou  and-two  for  exhaust — placed  at  tl 
ends  of  the  cylinder.    Some  of  the  compound  engines  ha 
a  single  slide  for  both  cylinders.  There  were  someexampie 
of  receiving- valves,  double-beat,  above  the  cylinder,  wit 
slide-valves  for  their  exhaust  placed  below  the  cylinder. 

The  double-beat  valves  were  of  the  ordinary  form  andd* 
not  require  special  description.  The  almost  universal  prac 
tice  in  horizontal  engines  is  to  place  at  least  the  exhaust 
valves  underneath  the  cylinder,  in  order  to  allow  a  readj 
escape  for  water,  the  receiving  valves  being  on  top  of  th( 
cylinder ;  but  there  were  examples  where  all  four  of  th< 
valves  were  below  the  cylinder  or  were  arranged  on  its  side 
In  engines  having  Corliss  valves  the  usual  arrangemen 
was  maintained  of  placing  the  valves  above  and  below  th 
cylinder. 

In  Mr.  Wheelock's  engine,  elsewhere  described,  all  th 
valves  are  below  the  cylinder.  The  instances  of  the  use  o 
piston- valves  were  not  such  as  to  merit  notice. 

vaiTcgears.  Vdlve-gears. 

Quite  a  large  variety  of  valve  movements  were  found,  tt 

most  attractive  ones  designed  in  some  way  to  produce  a  pe 

Automatic  fectly  automatic,  variable  cut-off,  as  the  load  should  requin 

variable  oiitK)ff.  ^  ^^^^  |^  ^^^^  ^y^^^  amoug  Continental  and  English  man . 

facturers  this  point  receives  more  attention  than  any  otha 
feature  of  their  engines. 

Many  novel  methods  are  in  use,  but  all  those  using  pist^ 
or  double-beat  valves  employ  some  arrangement  for  tripp*" 
gearing,  by  the  introduction  of  a  detent,  or  the  alteratioir 
the  position  of  a  wedge  or  incline.  In  some  cases  the  moti 
is  taken  from  the  pitman,  but  generally  from  an  eccen'fc 
on  the  main  shaft  or  on  a  lay  shaft  alongside,  the  goveirz] 
controlling  the  position  of  the  device  for  determining  tL 
point  of  cut-off. 
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Several  aatomatic  cut-off  arrangements  are  in  use  with  ^j/^JJJJJ^^'^ 
slide-valve  engines,  but  the  larger  portion  of  them  have  some 
foim  of  extra  slide-valve,  whose  position  is  determined  by 
right  and  left  screws,  the  screw-shafb  being  rotated  by  the 
governor.  Either  this  arrangement  or  something  its  me- 
chanical equivalent  covers  all,  excepting  those  where  the  Cnt-oftvwiY^ 
well-known  Bider  gear  is  used  and  some  half-dozen  cases 
where  the  governor  rotated  an  eccentric  which  vlyried  the 
point  of  closure. 


The  Wheelook  steam  engine.  suam-mginet. 

The  automatic  cut-off  engine  exhibited  by  Jerome  Whee-  rteam-eSne^*^ 
*ock,  of  Worcester,  Mass.,  attracted,  and  deservedly  re- 
vived, marked  attention.  It  furnished  power  to  operate 
^e  machinery  in  the  department  of  the  United  States  and 
111  the  sections  of  Sweden  and  Norway.  The  simplicity  and 
6(X)nomy  of  this  engine  and  its  excellent  performance  secured 
for  it  the  award  of  a  grand  prize,  after  a  thorough  and  ex-  Onuidiiriie. 
kaustive  examination  by  the  International  Jury. 

The  peculiarities  of  this  engine  are  a  reduction  to  the  DMoription. 
simplest  expression  of  the  instantaneous  cut-off  valve,  which 
forms  the  chief  feature  in  the  modem  first-class  engine. 
Side  and  sectional  views  of  the  cylinder  are  shown.  Instead 
of  four  ports  this  engine  has  but  two,  one  at  each  end  of  the 
cylinder,  directly  underneath  it.  There  is  at  each  end  of 
^e  cylinder,  close  behind  the  port,  one  main  and  one  cut-off 
^alve,  views  of  which  are  shown  in  Figs.'!  and  2.  Each 
*>^ain  valve  has  a  cavity  for  exhaust,  is  slightly  conical  in 
^ape,  and  is  carried  in  hardened-steel  bushes  on  hardened- 
^t^eel  trunnions.    These  parts  are  shown  detached  in  Fig.  3. 

Behind  the  small  chest  in  which  each  main  valve  slides  is 
^  cat-off  valve  having  double  ports  to  provide  for  quick  ad- 
^^^ission  of  steam.  These  are  also  conical  and  carried  in  the 
^^ine  way  that  the  main  valves  are.  The  steel  bush  is  so 
^^justed  that  the  valves  are  held  back  sufficiently  to  pre- 
^^nt  contact  between  the  sliding  surfaces,  thus  transferring 
^he  shght  wear  to  the  gudgeons  and  bushes,  which  would 
^  inconsiderable  in  very  long  service.  The  cut-off  valves 
^i:^  released  by  the  action  of  the  governor,  and  are  closed  by 
^eights  falling  in  dash-pots. 

Mr.  Wheelock's  arrangement  not  only  reduces  the  clearance     B«dactkm  of 
^  a  minimum,  but  guards  against  a  trouble  found  in  four-  ^** 
port  cylinders,  in  a  waste  of  steam  through  the  exhaust-port 
^  there  be  a  leakage  in  the  cut-off  valve. 
24  p  R VOL  4 
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pie  and  effective,  easily  gotten  at,  aad  not  liable  to  excessi^ 
wear. 

The  packing-rings  area  novelty, being  self-adjusting se.  ^ 
mental  lap-joint  rings,  making  an  effective  aud  tight  pistil 
This  was  demonstrated  on  several  occasions  by  removi'^ 
the  cylinder-head  and  operating  the  engine  witii  the  cyL^ 
der  open. 

The  Wheelock  engine  exhibits  careful  stndy  of  detail,  j 
dicioos  proportiou,  and  sound  execution. 

The  dimensions  of  the  engine  exhibited  were  ae  follows 
Diameter  of  uyUnder,  17  in. ;  length  of  stroke,  48  in. ;  diam  <• 
terof  fly-wheel,  14  ft.;  width  of  face,  25  in.;  average  stea::* 
pressuie,  GO  lbs.;  revoliitions  per  minute,  62; 
horse-power,  125. 


Fia.  S. — Side  vitv  of  eglinder,  ihotdng  tdlM-grarw. 
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Wbeelook 
steam-engine. 


Valves. 


TlQ.  X^Vdlvei  of  WIMoek engine,    (DetaoketL) 

PowelVs  steam-engine,  ppweu  steam- 

^  engine. 

Messrs.  T.  &  T.  Powell,  of  Eonen,  exhibited  a  Woolf  en- 
gine (Plate  I),  having  a  variable  out-off  controlled  by  the 
governor.    Vertical  compound  engines  had  been  exhibited    wooif  type. 
by  this  firm  previously  to  the  year  1878,  but  only  with  the 
ordinary  lap- valve  cut-oflf. 

The  use  of  a  variable  cut-oflf  is  of  recent  date  with  them,  ^^^^  variable 
and  is  on  the  Gorrey  system,  and  the  following  is  a  descrip- 
tiouof  the  mechanism  employed:    The  ordinary. arrange- 
ment of  valve-chests  for  Woolf  engines  is  retained ;  the 
steam  comes  direct;  from  the  boiler  into  the  jacket  surround- 
ing the  two  cylinders,  and  thence  to  the  valve-chest  of  the 
small  cylinder.    The  small  valve  a,  which  is  moved  by  a   Description, 
triangular  eccentric,  presents  two  parallel  flat  faces,  of 
which  the  inner  &ce,  which  slides  on  the  valve-face  of  the 
small  cylinder,  is  formed  like  an  ordinary  valve.    Two  rec- 
tangnlar  ports  open  into  the  outer  face,  the  dimensions  of 
^hich  correspond  to  the  sectional  area  of  steam-port  un- 
covered by  the  inner  face.    Two  expansion-slides,  h  fc,  work 
^^  the  back  of  the  valve,  and  are  fixed  in  two  rods,  cc, 
^ch  of  which  passes  through  a  stufftng-box. 

The  diameter  of  the  slide-rods  is  calculated  so  that  the  Mode  of  action. 
Pi'^ure  of  the  steam  on  the  upper  extremity  of  each  rod, 
Pl^  the  weight  of  the  rod,  may  be  greater  than  the  Mc- 
^onal  resistance  of  the  slides  and  of  the  packing  in  the 
stuffing-boxes ;  by  this  means  the  slide-rods,  with  the  slides, 
^  as  soon  as  they  are  set  at  liberty,  and  the  employment 
^  springs  or  counter- weights  for  enforcing  their  descent  is 
^ndered  unnecessary.  Each  slide-rod  is  formed  with  a 
^all  piston  below  the  stufl^g-box,  which  plays  in  an  air- 
^linder,  ee,  and  when  the  rod  falls  suddenly  the  air  is 
^i&pressed  under  the  pistons,  and  shocks  are  obviated. 
*^e  valve-rods  ec  are  moved  by  two  eccentrics,  //,  con- 
^^cted  to  two  cylindrical  rods,  g  g^  which  work  in  guides 
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PoweU  steam-  fixed  uiK)n  tliG  column  and  move  within  two  wrought-ii> 

engine.  *■  ^ 

pieces,  hhj  which  carry  the  trigger,  and  are  cottered  to  fc 
lower  ends  of  the  slide  rods.  The  npper  end  of  each  of  t 
rods  ggi&  for  a  short  length  reduced  in  the  lathe,  beL 
chucked  eccentrically,  so  as  to  form  a  crescent-shaped  shc^ 
der,  jj  at  one  side  of  the  rod.  (See  Figs.  5  and  7  in  plal 
Description.  This  part  is  of  hardened  steel.  The  other  piece,  i, 
hardened  steel  engages  in  tb6  square  opening  of  the  pie^< 
h  /i,  and  can  be  displaced  horizontally  by  an  amount  eq^ 
to  the  shouldering  on  the  rods  gg  on  being  acted  upom 
the  crank  and  articulated  lever  Jc  (Fig.  5).  The  piee 
is  traversed  by  the  upper  end  of  the  rod  ^,  and  the  op 
ing  through  it  is  of  a  circular  form,  so  that  it  applies 
actly  to  a  semi-circumference  of  the  rod,  with  which  it 
maintained  in  contact  by  a  spring,  L  When  one  of  t 
eccentrics  is  at  the  bottom  of  its  stroke  the  slide-rod 
connection  with  it  rests  on  an  india-rubber  washer  at  t  j 
bottom  of  the  air-cylinder.  The  port  is  closed  by  the  slid 
and  the  shoulder  j  of  the  rod  g  has  then  fallen  aboi 
one-eighth  of  an  inch,  so  as  to  permit  the  piece  %  to  sett 
itself  properly  upon  the  shoulder  of  the  rod,  being  pushe 
thereto  by  the  spring  (as  shown  in  Fig.  6,  Plate  I). 

When  the  movement  is  commenced,  the  eccentric  pushc 
the  shoulder  of  the  rod  against  the  piece  i,  the  slide 
raised,  the  port  is  uncovered,  and  the  crank-lever  k 
raised ;  at  the  same  time  it  carries  a  steel  piece  terminate 
by  a  knife-edge,  m.  At  any  given  point  of  the  stroke  tl 
knife-edge  m  may  be  brought  into  contact  with  one  of  tl 
cast-iron  cams  n  (Fig.  2),  and  the  eccentric  continuing  i 
movement,  the  lower  end  of  the  lever,  k  will  describe  < 
its  pivot  a  small  arc  of  a  circle  and  will  push  the  piec< 
off  the  shoulder  of  the  rod  against  the  action  of  the  sprin 
The  slide  and  its  rod  are  thus  set  free,  and  by  the  pressn 
of  the  steam  it  is  suddenly  pushed  downward  and  the  pc 
is  closed.  The  position  of  the  cam  n  is  determined  by  t- 
action  of  the  governor,  and  the  knife-edge  m  comes  in  cc 
tact  with  the  cam  n  earlier  or  later  to  free  the  expansifl 
slide. 


Coiimann's  CoUmami^s  variable  exhaust  steam-engine. 

steam-engine. 

An  engine  exhibited  by  A.  CoUmann,  of  Vienna,  Ausfc 
showed  an  ingenious  arrangement  of  valve-gear,  differ* 
from  the  usual  system  of  catches  and  pawls  adopted  by  i 
imitators  of  Corliss.  The  valves  for  the  admission  of  stet 
are  caused  to  operate  by  means  of  the  combination  of  ti 
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Fia.  5. — CMmmm't  wtritttle  crAaMf  $team-eiigimr.    (TVomnm  aartioa) 

^"5j;^"»  motions,  one  of  which,  takeu  from  the  main  shaft  thn>«*  ^ 
miter-wheels,  is  constant,  while  the  other,  taken  from  a  g"*^' 
ernor,  ia  variable.  Eeferring  to  the  cut,  Fig.  4,  a  C0D8t^»-D( 
motion  is  communicated  through  a  lever,  a,  to  the  lo>*'~~<''' 
end  of  a  toggle,  It,  the  other  end  of  which  attaches  to  a  M3<i 
operates  the  ^'alve-stem  c. 

ripuon.  The  variable  motion  from  the  governor  contruls  thediw^~^ 
tioii  of  admission  of  steam  into  the  cylinder,  being  co.^^- 
municated  to  the  toggle  by  a  rotl,  d,  one  end  of  wbi*^'' 
attaches  to  the  toggle  and  the  other  to  a  slide,  e,  carri^^ 
on  au  arm,/,  worked  by  the  positive  motion,  the  jiositi*^" 
of  which  slide  ou  the  ann  in  regulated  by  the  actiou  of  tZie 
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govemoTy  through  the  rod  g^  the  arm  A,  and  the  rod  *?  rteamSSSne!" ' 

and  the  resultant  motion  gives  a  determined  movement, 

w^hich  raises  and  lowers  the  steam- valve  for  all  degrees  of 

cut-ofT.    The  valve  is  never  allowed  to  drop,  but  is  quickly 

raised  and  quickly  lowered.     The  exhaust-valve  may  be 

operated  in  any  convenient  manner. 


Winterthur  (Sunas)  condensing  steam-engine.  winterthnroon- 

deauing     steam- 
engine. 

horizontal  condensing  engiiie  (Plate  2)  exhibited  by  the 
S^^vlss  Locomotive  and  Engine  Works  of  Winterthur  pre- 
^^rit^ed  an  appearance  of  excellent  workmanship,  which  en- 
tit:!  ^<]  it  to  rank  among  the  best  exhibits  of  steam-engines. 

Tlie  framing  or  bed-plate  is  Y-shaped,  the  cylinder  being  ^  ^" 

^t^t^tched  to  the  single  arm,  the  others  each  carrying  a  shaft- 
tHa^^xing,  the  whole  resting  on  two  pedestals,  one  under  the 
cylinder,  the  other  transversely  under  the  shaft-bearings. 
Tix^  cross-head  bearings  are  large  and  cylindrical,  being 
^^or^  out  true  with  the  cylinder.    The  piston-rod  is  pro- 
loixged  through  the  cylinder-head,  the  end  carried  on  a  flat 
^licle,  and  also  connecting  to  a  double  bell-crank  lever, 
"^^Ixich  drives  the  air-pumps,  which,  with  the  condenser,  are 
Pl^Mjed  below  the  top  of  the  foundation  on  which  the  bed- 
pl^^te  pedestals  rest.    The  crank  is  formed  of  two  cast-iron 
^li-^ks,  with  counter- weights,  connected  together  by  a  heavy 
^^"^^t-pin.    The  peculiar  feature  of  this  engine  is  its  receiv-    vaive-gear. 
^^e-valve  gear,  the  movement  for  which  is  obtained  from  a 
l>ixi,  a,  fixed  to  the  connecting-rod  near  its  center,  and  caus- 
^^^g  the  lower  end  of  a  vertical  lever,  6,  to  travel  in  an  oval 
^^xxve ;  the  upper  end  of  the  vertical  rod  attaches  to  a  par- 
allel motion,  the  stationary  points  of  which  are  carried  by 
^  l)late,  c,  susceptible  of  partial  rotation  by  the  governor. 
^Vhen  the  governor  is  at  its  lowest  point  the  plate  and  the         Automatic 
^t^ationary  point  of  the  parallel-motion  levers  lie  in  an  ob-^* 
^cjae  plane  to  the  oscillation  of  the  vertical  lever,  an<l  con- 
sequently a  point  below  the  fulcrum  of  said  vertical  lever 
^^vels  longitudinally  a  desired  distance,  due  to  the  angle 
^f  the  plate.    As  the  governor-balls  rise,  the  plate  is  rotated 
^c  a  horizontal  plane  5  the  fulcrum  of  the  vertical  rod  receives 
^  nearly  vertical  motion  only,  as  does  also  the  point  below 
the  fulcrum.    To  this  point  is  attached  a  horizontal  rod  com- 
inuuicating  its  motion  to  the  valve-lifters,  so  that  when  the 
plate  is  in  its  horizontal  position  the  lift  of  the  valves  is 
flight,  and  consequent  an  early  closure  obtains;  but  with 
the  plate  in  its  oblique  position  a  larger  lateral  movement 
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dSSn'^'^rtwS'^  given  to  the  horizontal  rod,  an  increased  lift  of  valve, 
•engine.  and  Consequently  later  closure.    The  valves  are  double-beat 

flat-surface  bearings,  held  down  by  springs  which  compel 
the  valve  to  maintain  equal  descent  with  the  lifter,  and  so 
prevent  shock  in  seating.  The  exhaust- valves  are  similar; 
placed  beneath  the  cylinder,  and  operated  by  an  ordinary 
eccentric  on  the  shaft.  The  cylinder  is  steam-jacketed,  and 
the  work  throughout  is  well  and  neatly  done. 

Beer',  winding  .       ^^^*  tvindifig  engine. 

engine.  j^  ^^^  Belgian  section  was  exhibited  a  winding  engine, 

by  M.  Beer,  a  well -finished*  piece  of  machinery  and  ape^iallj 
adapted  to  the  purpose  for  which  it  was  designed.  It  con 
sisted  of  two  cylinders,  2V'  in  diameter,  48''  stroke,  resting 
on  separate  box-section  bed-plates,  extending  under  th< 
plummer-block  and  coupled  at  nght  angles  to  one  shaft ;  oi 
the  center  of  the  shaft  is  a  brake- wheel,  on  each  side  of  whicl 
is  a  rope-drum.  In  this  engine  expansion  is  used  in  a  mod 
erate  degree,  controlled  by  a  governor,  and  yet  the  engin< 
is  at  all  times  easily  handled. 
diUoMoSwtod-  ^^®  following  cxtracts  contain  four  propositions  whid 
ing  engine.  M.  Bccr  holds  to  be  csseutial  and  necessary  in  a  winding 
engine : 

'*(!.)  The  valve  gear  mast  be  such  that,  in  ordinary  work,  the  engine 
shall  run  properly  with  that  ratio  of  expansion  which  is  most  conven- 
ienty  no  matter  what  the  pressure  of  steam  and  the  variation  in  resist- 
ance. 

'^(2.)  The  cut-off  must  be  suppressed  automatically  whenever  it  it 
necessary  to  handle  the  engine,  no  matter  what  may  be  the  cages  ii 
the  pits ;  that  is  to  say,  if  the  cages  have  to  be  moved  through  moderate 
distances  up  or  down  when  in  the  pit,  the  cut-off  valve  must  at  sucl 
times  throw  itself  out  of  action. 

''(3.)  The  engine  must  work  without  expansion  when  men  are  bein^ 
raised  or  lowered  in  the  pit. 

"(4.)  The  cut-off  valve,  which  only  operates  when  the  engine  u 
workiug  regularly  in  winding  coal,  must  be  simple  and  efficient/' 

Expansion  ftp-     Thcsc  objccts  are  secured  in  this  engine  by  the  use  of  s 

pantas  operated  j  _r  i  i^-  •       ^ 

by  governor.      hcavy  and  powcrful  governor,  operating  a  pair  of  expansion 

slides  on  the  back  of  the  main  valve,  which  are  caused  U 
approach  to  or  recede  from  each  other  by  a  spindle  having 
a  right  and  left  thread,  and  operated  through  rack  and  pin 
ion  gear  directly  by  the  governor. 

^Mode  of  work,     fn  hoistiug  a  load,  until  the  engine  attains  nearly  ib 

maximum  speed,  the  cut-off  valves  are  not  brought  into  play 
but  when  the  determined  speed  is  reached,  the  govemoi 
takes  the  control,  and,  by  revolving  the  spindle^  establishes 
the  desired  cutofi'  action,  which  is  so  maintained  during  th< 
remainder  of  the  lift  by  proportioning  the  admission  of  steaa 
to  the  load,  keeping  the  ascent  of  the  cage  at  a  fixed  velocity 
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The  depth  of  pit  for  which  this  engine  is  designed  is  1,G38  ^Beer's  wiuding 
ft;  the  time  of  ascent,  60,  seconds;  number  of  revolutions 
of  engine  48.7  per  minute.  A  flat  cable  is  used,  winding 
ui)on  itself  between  disks;  the  radius  of  the  smallest  coil  is  it/^JSmtSn^  **' 
32'^3,  and  of  the  largest  9V'^  making  a  compensation  for  ihe 
weight  of  the  cable.  In  hoisting  men,  necessarily  at  a  low 
rate  of  speed,  the  governor  and  expansion  gear  do  not 
come  into  play,  the  entire  control  being  in  the  hands  of  the 
operator.  The  engine  is  fitted  with  a  stationary  link-motion 
for  reversing,  which  is  done  by  steam  in  an  auxiliary  cylin- 
der. A  small  steam-cylinder  is  also  used  for  applying  the 
brakes  to  the  brake-wheel,  the  brake-blocks  being  carried 
on  wrought-iron  inclined  levers,  coupled  together  by  long 
links.  The  working  pressure  of  steam  used  is  60  lbs.  to  the 
square  inch. 


Sulzer  Broif,  compound  condensing  gteam-engine.  SuizerBrM'.oon- 

densing     steam- 
engine. 

The  compound  condensing  engine  of  Sulzer  Bros.,  Win- 
terthur,  Switzerland,  attracted  much  attention.  Its  cylin- 
ders are  11''.81  and  22''.71  in  diameter,  respectively,  and 
35".43  stroke,  the  firaming  of  the  Corliss  type. 

The  cylinders  are  placed  one  behind  the  other,  eaeh  rest-    Descrtptioo. 
ing  on  its  own  foot-bracket  and  connected  together  by  a  dis- 
tance-piece. 

The  piston-rod  extends  through  and  runs  in  a  guide  be- 
yond the  large  cylinder,  driving  by  a  link  a  pair  of  pump- 
tevers  which  work  an  air  and  feed  pump,  the  former  double- 
acting.    The  condenser  is  a  horizontal  cylindrical  vessel. 

The  valves  are  double-beat,  fitted  with  springs  and  dash-    vaivca. 
pots,  the  receiving  placed  above  and  the  exhaust  below  the 
cylinders. 

The  novel  feature  of  this  engine  is  its  valve-gear.  A  long  vaive-gew 
Bbaft  parallel  to  the  axis  of  the  cylinder,  driven  by  miter- 
^heels  from  the  main  shaft,  drives  the  governor  and  carries 
tour  eccentrics  for  operating  tiie  valves  of  both  cylinders,  cut-oir. 
^acli  eccentric  moving  one  exhaust  and  one  receiving  valve. 
^l?he  exliaust- valve  is  worked  (see  accompanying  cut.  Fig.  0) 
\}y  a  rod,  driven  by  a  pin  in  the  eccentric-rod,  which  is  itself 
Supported  by  a  gudgeon  in  a  rocking  arm.  As  the  eccentric 
evolves  the  end  of  its  rod  will  describe  a  peculiar  closed 
curve,  while  the  gudgeon  will  move  in  au  arc  j  but  the  gud- 
geon is  prolonged  at  the  other  side  of  the  eccentric-rod  and 
carries  a  rod  the  upper  end  of  which  is  jointed  to  an  arm 
imdex  which  is  the  lever  which  lifts  the  steam-valve.    As 
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':«™-  the  eccentrio  revolves  the  lower  end  of  the  rising  rod  move* 
in  an  arc,  while  the  apper  end  rises  and  falls  also  in  an  aic 
Communication  is  effected  between  the  arms  by  a  detent 
which  is  a  bell-crank  hong  loosely  on  a  pui  in  the  anu  wber> 
tlie  rising  rod  is  attached.  The  rod  to  the  left  hand  is  coc 
trolled  by  the  governor  throagh  a  system  of  bell  cranks. 


Flo.  G.—SuUer  Bros',  compound  oandtnting tlvam-aigiHt. 


in       Sertnann-ljackapelle?s  horiiKnUal  compound  c&ndeiuing 
D-  steam-engine. 

J.  Hennann-Lachapelle,  ofParis,  France,  exhibited  a  boC 
zontal  compound  condensing  engine  (Fig.  7). 

As  in  the  beam-engine  of  the  Woolf  system,  the  two  vyli* 
ders  are  put  together  under  one  cover  to  prepare  for  thecL 
eolation  of  steam,  and  the  two  pistons  work  together  in  tb 
same  way.  A  single  slide-valve  in  a  chest  placed  below  tb 
cylinders  governs  the  distribution  of  steam  for  both  cylii 
ders,  and  the  water  condensed  in  the  cylinder  is  thaa  a 
lowed  to  flow  away  with  the  escape  of  steam,  and  so  avoa 
jars  frequently  occurring  from  the  presence  of  water  in  tk 
cylinders;  and  but  one  eccentric,  one  eccentric-rod,  and  oM 
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ralve-rod  are  required.    The  slide-valve  is  balanced  and  a  ij|,|i„5SI?""" 
cnWff  varies  the  admission  of  steam  into  tbe  small  cj^linder  den^ne    ittsm 
from  a  minimum  to  eight-tenths  of  its  stroke,  whUe  in  the 
large  cyUiider  steam  is  uniformly  allowed  foreight-tenthsof 


'ta  stroke.  The  two  i)i8ton-rode  are  attached  to  one  cross- 
bead  carrie<l  on  slides,  and  u  forked  counecting-rod  transmits 
the  sam  of  the  effect  of  both  pistons  to  the  crank. 

The  shaft  is  larger  than  ordinary  rules  require,  and  turns 
m  large  pillow-blocks  lined  with  bronze. 
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LaohftiSfe?^"-     ^  Simple  and  efficient  governor  is  employed.    The  air 
oSSie?    '***°**  ®^^  ^^^  pumps  are  in  the  same  line  as  the  cylinders  at  the 

other  end  from  the  shaft,  and  their  plungers  are  on  the  pro- 
longation of  the  two  steam  piston-rods,  an  arrangement 
avoiding  the  necessity  for  a  beam,  crank,  or  other  device  to 
transmit  movement  to  the  pumps.  A  box  bed-frame  of 
Corliss  design  gives  good  finish  and  appearance  to  these 
engines. 


Brotherhood  Brothevhood  engine. 

stoam^engmo. 

A  new  form  of  Brotherhood  engine  was  exhibited  b 
Fiaud&  Cohen.  Messrs.  Flaud  &  Cohendet,  of  Paris — a  vertical  compoun 


componnd  en-  engine  with  two  single-acting  cylinders,  one,  the  high 
^°®"  ure,  being  surrounded  b^^  an  annular  low-pressure  cylindfe. 

The  steam  distribution  is  effected  by  one  oscillating  cyU 
drical  valve  worked  by  a  single  eccentric  on  the  shaft,  t 
steam  working  only  upon  the  top  sides  of  the  piston. 

The  degree  of  expansion  obtained  is  due  to  the  amount 
lap  in  the  valve. 
Mode  of  vork     The  large  cylinder  working  full  stroke,  the  steam  is 
hausted  directly  from  the  small  cylinder  under  the  valve  i 


the  large  cylinder.    The  cranks  are  opposite  each  otheir  Is 
the  same  plane  and  lie  directly  under  the  cylinders.    Tbe 
shaft  passes  through  the  base  and  is  surrounded  by  the  e:x- 
haust  steam  working  through  stuffing-boxes  and  glands  ^t 
each  outer  end. 

The  inner  side  of  the  annular  piston-head  is  made  some- 
what longer  than  the  desired  stroke,  and  a  spring-ring  ^^ 
placed  in  a  groove  cut  in  the  cylinder.  The  ring  remait^s 
stationary,  and  the  head  travels  over  it,  thus  allowing  tl::^^^ 
spring  of  the  ring  to  be  outward,  in  place  of  the  rever*^* 
which  would  occur  were  it  placed  in  the  piston-head.  TE:»® 
connecting-rods  are  used  only  in  compression,  and  have  th^^ 
oscillating  bearing  in  the  piston-head  itself. 

Tliis  engine  is  also  used  with  a  condenser. 


H — J 
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—Ftaud  if  Cohfuiel'a  "brotlerXood"  vertical  compound  (leom-ra^iic.     (Tw- 
Heal  JongUiiditial  ircllon.) 


— Flaad  ^  Cohaidef'i  "  brolherhood"  nertical  compound 
tical  Irantvene lection.) 
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°-  Bemaya'g  tmn-eyUnder  engine. 

In  the  English  department  Mr.  Joseph  Bemays,  of  Lon- 
don, exhibited  a  twin-cyUoder  engine  (Fig.  10],  in  which  the 
crank  is  rotated  by  the  intervention  of  a  triangular  con- 
necting-rod, an  arraDgement  not  new  and  long  since  appar- 
ently abandoned,  but  which  this  exhibitor  makes  practicable 
by  an  ingenious  arrangement  of  eccentric  and  valve  gear. 


-^ 
* 


Fin.  10.— BenMjrt'f  UBl*-6gU*dtr  tttatm-mgin^, 

Dwcripttoo.  The  two  upright  doable-acting  cylinders  are  placed  with 
sufficient  space  between  them  Co  receive  the  crank-shaft. 
The  pistons  are  connected  to  oue  crank  by  means  of  a  tri- 
angnlar  connecting-rod,  which  causes  them  to  move  as  if 
connected  to  two  cranks  at  right  angles  to  each  other. 

steuudiainbu-     The  steam  distribution  in  the  two  cylinders  is  governed 

by  one  ordinary  eccentric  and  its  connections  in  a  manner       '^ 
analagous  to  that  by  which  the  main  crank  governs  the 
motion  of  the  two  pistons. 

vaiv»i«u'.  Two  eyes  are  provided  on  the  eccentric-ring,  carrying  rods  -^ 
or  lovers,  through  which  the  valves  are  acted  upon.  The  ^^ 
position  of,  and  distance  between,  tliese  eyes  bear  the  same  -^^ 
relation  to  the  throw  of  the  eccentric  as  the  measurementa-^^* 
of  the  main  connecting-rod  bear  to  the  throw  of  the  crauk,«i'  -• 
reproducing  on  a  smaller  scale  the  triangular  connectioi^'^^*' 
between  the  cnmk  and  the  two  piston-rods  in  the  eccentrit,-^^^ 
and  valve-rods,  and  the  steam  is  correctly  distributed.  Th^  ^ 
eccentric  is  loose  in  the  shaft  and  is  thrown  to  the  right  tim^f 
leftr  for  the  purpose  of  reversing  the  engine.    The  posidtN'-^^ 
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(rf  the  crank -shaft  in  relation  to  the  cylinders  may  be  varied ,,  JgjJJ 
in  height  to  suit  any  reqnired  purpose. 

Id  this  engine  there  is  no  dead  point,  for  the  reason  that 
both  pistons  can  never  be  at  the  ends  of  their  respective 
strokes  at  the  same  time,  since  they  reach  their  limit  of 
movement  when  the  crank-pin  passes  a  i)oint  in  line  closest 
to  the  pin  of  the  triangle  to  n-hioh  either  engine-piston 
attaches. 


Ratuom^a  tree-felling  engine.  i 

RanBom«H,  of  Ipswich,  England,  showed  an  application  of 
power    to    felling 
ta^ees  (Fig.  11). 

-A.  small  steam-cylinder, 
w^tli  comparatively  long 
Btaxike,  moan  ted  on  alight 
■wrought-iron  frame,  is 
pivoted  on  its  center;  a 
DiOTement  aroand  this 
pi'^ot  is  controlled  by  a 
^onn- wheel  and  screw - 
ffearing  into  a  circular 
*^<ik.  A  saw  is  rigidly 
**«d  to  the  cross-head, 
**»«  teeth  of  the  saw  ar- 
f^ftged  to  cut  only  dur- 
**>e  it«  in-atroke,  that  is, 
^**«  teeth  are  hooked  on 
^*»e  side  and  have  a  long 
**«Tel  on  the  opposite  one ; 
*'t»e  saw  makes  a  draw  cut 
'luriag  its  passage  toward 
^-lie  cylinder,  which  en- 
ables a  brace  between  the 
^^Under-frame  and  the 
t^ree  to  resist  in  compres- 
^ioa  alone  the  force  of  the 
^mt.  The  steam  distriba- 
■%ion  is  effected  directly 
Trom  the  cross-head,  and 

so  arranged  as  to  take 

full  steam  for  the  in  or 

cutting  stroke  of  the  saw,  and  bnt  one-tenth  the  amount  for 

the  retoTD  or  idle  stroke. 
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fe^r^rin?*^  ^^y  convenient  form  of  boiler  may  be  used,  and  connec- 
tion made  between  the  engine  and  boiler  through  a  long 
flexible  steam-pipe,  which  allows  great  range  in  position  of 
the  engine  relatively  to  the  boiler,  while  the  boUer  main- 
tains any  given  position. 

The  engine  and  frame  are  very  light  and  easily  trans- 
ported by  two  men  from  place  to  place. 

^hom,  Davis     Hathom,  Davis,  &  Davey,  of  Leeds,  manufactoers  of  dif- 
Appleby  Bros,  ferential  compound  pumping  engines,  Appleby  Bros.,  o 
London,  makers  of  hoisting  engines  and  machines,  and  Joh 
j!  a'S^m^  Fowler  &  Co.,  of  London,  and  John  &  Henry  McLaren, 
Hunslet,  both  firms  builders  of  traction  engines  and  m 
chinery,  exhibited  valuable  machinery  but  no  special 
provements  on  previous  products  such  as  come  within  t 
scope  of  this  report,  nothing  having  been  shown  that  h 
not  already  been  noticed  in  reports  made  to  the  goverzm:^ 
ment  concerning  former  international  exhibitions. 


ran. 


Qa$-mffinti.  »AS  ENGINES. 

Some  half  dozen  gas-engines  were  exhibited,  and  tlk^ 
otto  gas-engine,  uiost  uotablc  fcaturcs  of  uovclty  were  found  in  the  "OtD^3 
silent  gas-engine.''      In  it,  by  an  entirely  new  idea,  tk 
proportionate  amount  of  air  is  increased  for  volume  of 
used,  and  a  consequently  le^s  sudden  and  abrupt  explosioi 
is  secured.    As  it  has  generally  been  found  that  the  mosi 
serious  objection  to  such  engines  is  a  too  sudden  explosion, 
any  method  of  correcting  it  is  certainly  worthy  of  notice. 
Description.     The  Otto  engine  is  horizontal,  and  resembles  greatly  ai 
ordinary  horizontal  steam-engine,  but  the  cylinder  is  en- 
tirely open  at  the  front  end,  while  across  the  other  en( 
moves  a  slide-valve  reguLating  the  admission  of  air  and  gas.-^^ 
Mode  of  work.  This  valvc  is  driven  by  a  small  crank  connection  off  the  en( 
^^^'  of  a  shaft  lying  alongside  of  the  bed-plate  of  the  engine^^^ 

and  at  right  angles  to  the  main  shaft.    This  "lay"  shaft^"^ 
receives  its  revolution  from  the  main  engine-shaft  througlt:::^^ 
a  pair  of  bevel-gears  of  ratio  2 : 1,  the  main  shaft  makin^^-  ^ 
two  revolutions  to  one  of  the  lay  shaft.    When  the  pistoi^^'^^ 
is  reiidy  to  start  from  the  back  end  of  its  stroke,  the  slid< 
valve  is  in  position  admitting  air  and  gas,  the  air  in  mu< 
larger  proportion  than  ordinarily  employed  (that  is,  the 
largely  diluted) ;  this  admission  continues  for  a  portion 
the  piston  passage,  when  it  is  discontinued  by  the  action 
the  slide-valve.    The  acquired  momentum  of  the  fly-wh^?^/ 
and  moving  parts  carries  the  piston  over  its  dead  point,  mad 

/ 
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eaoses  it  to  return  to  the  back  end  of  its  stroke,  so  com-  ottogm»^gine. 
pressing  tlie  aii*  anil  gas  first  admitted  into  about  one-third 
file  space  originally  occupied  at  the  time  of  its  admission ; 
at  this  point  the  continued  movement  of  the  valve  admits 
tirn  spark  and  the  explosion    of  the  admixfure  occurs, 
driviog  the  piston  to  the  front  end  of  the  cylinder ;  the  fly- 
wheel momentum  returns  the  piston  to  the  back  end,  ex- 
peDing  the  burnt  gases  through  a  separate  exhaust-valve,    Mo«icof  wotv- 
also  dri\'en  from  the  lay  shaft;  and  the  piston,  having  again 
reached  the  back  end,  receives  another  charge  of  the  com- 
bustible.   From  this  it  will  be  understood  that  the  explo- 
isiou  occurs  only  for  every  fuuith  stroke  of  the  ))iston.    The 
tuotion  for  the  other  three  strokes  is  caused  entirely  by  the 
stored-ui)  momentum.    A  governor  is,  however,  attached 
and  the  engine  gives  very  regular  speed.    The  consumption 
of   ordinary  coal  gas  is  reported  to  be  20  cubic  feet  per 
horse-power  per  hour. 

The  Bisschof  vertical  gas-engine  is  constituted  to  fill  a  en^JlT^"'  ***^ 
Ck>ntinental  demand  for  light  powers,  driving  lathes  in 
houses,  and  other  small  requirements.  So  low  a  power  is 
niade  as  one  man-power,  equal  to  about  ^^^  of  a  horse-power. 
In  this  engine  the  explosion  occurs  in  the  latter  half  of  the 
cylinder.  The  earlier  movement  of  the  piston  draws  in  the 
ail*  and  gas,  regulated  by  an  eccentric  on  the  shaft;  it  is 
then  exploded  by  a  jet  kept  constantly  burning,  and  pro-  Mode  of  work 
l>el8  the  head  to  the  extremity  of  iis  upward  si  roke.  During  "*^' 
^he  downward  passage  of  the  piston  the  exhaust  is  made, 
^nd  the  explosion  again  repeated  on  the  upstroke.  No 
^uter  is  used  to  cool  the  cylinder,  which  is  entirely  done  by 
''^iatiug  ribs  cast  to  the  cylinder,  and  said  to  answer  all 
^^iiirements.  The  crank -shaft  is  placed  on  one  side  of  the 
^uter  line,  so  that,  when  the  force  of  the  explosion  occurs, 
^l^e  angularity  of  the  connecting-rod  is  very  slight,  but 
^^nsequently  excessive  during  the  downward  passage  of 
^lie  cross-head. 


-^WABATUS    FOE    THE    INSTANTANEOUS    GENERATION   OF      Instant aneonn 

steam  apparatus. 

STEAM. 

In  these  apparatus  liquid  fuel  (petroleum,  naphtha,  etc.), 
^n  the  raw  state,  is  changed  into  motive  force,  with  a  s[>ecial 
^Application  to  produce  high  temperatures. 

Dosanlx's  steam  apparatus,  shown  in  Plate  3,  works  by         Dusauiza 
Hq  instantaneous  production  of  steam  in  motor  cylinders.  "^^*'^  "** 
nius  vaporization  is  obtained  by  the  combustion  of  mineral 
25  P  H VOL  4 
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Dusauix'siMtiui-  oils,  injected  in  the  liquid  state  under  the  pi8tx)n8,  when  th( 

taneous      steam  to  ^  x  7 

apparatoB,         last  have  gone  through  about  two-fifths  of  their 

course,  drawing  by  suction  a  certain  quantity  of  air  whw 

comes  to  saturate  this  first  fraction  of  the  capacity  of  tb— 

Mode  of  work-  Cylinders.    At  the  moment  of  the  injection  of  these  oils  ^H 

"**  a  certain  state  of  division,  a  spark  proceeding  from  a  Ruhezz 

korff  coil  inflames  the  mixture  in  the  interior,  at  the  sai 
time  that  a  quantity  of  water  fixed  and  covering  the  piste 
lAjecUon  of  which  is  iu  tlie  open  air,  is  thus  injected  in  a  like  state 
and  water.    "  ^'  di visiou  iuto  the  midst  of  the  inflamed  gases.    The  distri tz^ 


tion  of  this  water  is  effected  in  a  constant  manner,  regula 
by  a  tap  at  the  surface  of  the  moving  pistons,  which  f(^ 
basins  to  receive  it  j  it  traverses  previously  a  circuit  in  a 
tact  with  the  gases  of  escapement,  so  as  to  raise  its  tem^z^^ 
ature  as  nearly  as  possible  to  lOCP.    The  little  apparatu 
injection,  screwed  on  the  piston  which  it  traverses,  is 
at  each  stroke  with  a  fixed  quantity  of  this  water,  in  0 
to  throw  it  into  the  firegrate  at  the  opportune  time. 

veiopedL**"'^*^  ^*  "^^  mcau  prcssurc  developed  under  the  influence  of  thi 
double  phenomenon  is  from  eight  to  ten  kilograms  per  squa-mE 
centimeter.  It  acts  then  upon  the  internal  surface  of  tbe 
piston,  which  it  pushes  with  energy,  while  slacking  itself* 
^xhauut.  This  mixture  of  steam  and  ^as  escapes  afterward  into  tb® 
atmosphere  when  the  piston  arrives  at  the  end  of  its  coutj^*- 

fuel  om*So"e^  "^     "^^^^  quantity  of  raw  miuei  al  oil  thus  employed  is  from  oM^^ 
to  one-half  liters  per  hour  to  produce  one  horse-power;  ti 
Water  evapc  volumeof  watcr  cvaponited  in  the  same  time  is  from  ten 

^  fourteen  liters.    The  same  apparatus,  while  performing 

function  of  a  ventilator  or  blowing  cylinder,  can  be  adva^^ 
tageously  utilized  to  produce  high  temperatures;  it  suffi< 
to  modify  the  distribution  of  oil,  which  is  injected  in  ex< 
under  the  pistons,  by  diminishing  so  much  the  quantii 
of  water;  the  weak  portion  of  the  injected  oils,  which  is  i^ 
flamed,  produces  the  gaseous  state  of  the  whole,  with  a  ten^ 
perature  of  I8O0  to  200o  in  the  escapement.    This  escap^ 
subsequeni  use  naent,  iustcad  of  being  made  into  the  atmosphere  as  abov*** 

pair^**^  ^*^^'^  traverses  a  powerful  pipe,  which  pours  it  into  a  reverbeC^ 

tory  furnace  or  muffle,  into  which  its  combustion  is  effect^^ 

The  air  sent  by  the  ventilator,  set  in  motion  by  the  ap£? 

ratus,  goes  along  in  a  bundle  of  capillary  tubes,  of  a  cert^^ 

mingled      with  ^^^S^^?  "*  coutact  witli   thcsc  escapcmeut  gases,  withi 

ih^^ntiiato^^"*  mingling  with  them ;  the  mixture  takes  place  at  the  oril 
of  the  issue  of  the  pipe.    This  arrangement  has  the 
of  bringing  tlu;  air  to  the  same  temperature  as  the  ga^^ 
before  mixing  it  with  them.    In  the  exhibited  apparatus  tii< 


CJjJL^^Ui^      L^Jy  l^  i»V^Ut4t^ 
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ixture  is  thus  evacuated  from  160  to  180  cubic  meters  by  ^2^^**52*^1 
\e  hoar,  with  an  expenditure  of  three  to  four  liters  of  petro-  apparatus, 
um  passing  through  the  cylinders,  and  two  to  three  liters 
'  heavy  oil  of  gas  tar  distributed  along  the  pipe  and  car- 
Mi  along  by  the  evacuated  gases.  This  complete  combus- 
)n  leaves  no  residue,  and  produces  an  excessively  high 
[Dperature,  with  a  light  pressure,  allowing  it  to  be  man- 
ed  in  the  whole  circuit  without  escape-chimney. 

ANDEBW  J.  SWEENEY, 

Additional  Commissioner. 
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The  Exposition  at  Paris — following  so  closely  ui)on  those  ^^**y®t"t^ 
«^  1873  at  Vienna  and  of  1876  at  Philadelpbia— left  little  ^po«iSin* 
i^^ne  for  improvement  or  even  changes  of  form;  and  one 
Ooked  almost  in  vain  thi*ough  the  vast  display  of  machinery 
o  find  anything  which  had  not  already  been  fully  reported 
i^l>on  by  commissioners  at  a  previous  exhibition  or  shown  in 
Philadelphia  in  1876. 

The  American  show  of  machinery  was  limited  when  com-    The  American 
[:^ared  with  those  of  France  and  Great  Britain,  the  two  great  * 
Exhibitors,  but  it  attracted  as  much  attention  as  any  other 
cnaehiuery  section,  and  certainly  contained  ad  much  that 
^as  new.    The  short  interval  since  the  Centennial  Exhibi- 
tion, the  distance  of  that  in  Paris,  and  the  very  brief  time    iteauautyand 
for  preparation  of  exhibits  to  the  latter,  all  tended  to  make 
our  Exhibition  limited  as  to  quantity,  though  its  quality 
was  admittedly  excellent. 

In  point  of  workmanship  the  British  exhibitors  were  in         ExoeUenc^ 
advance  of  all  others,  judging  altogether  from  outsider  ap-  mansh^**  "^^^^ 
pearances,  as  no  opportunity  was  offered  to  make  any  other 
examination.    All  their  details  seemed  to  be  carefully  worked 
out,  and  one  could  see  all  around  him,  in  their  section,  what 
it  was  difficult  to  find  anywhere  else—that  the  makers  of  the 
machinery  were  thoroughly  well  acquainted  with  the  uses 
of  the  fundamental  tool  of  the  machine-shop  of  to  day — 
tlie  jdaning  machine.    In  their  work  we  almost  invariably    Extensive  use 
<>uud  that  clean-cut,  sharp,  and  flat  finish  which  is  a  sureniacbin& 
tidication  to  a  workman  that  the  parts  have  been  separately 
inished,  and  then  brought  together,  making  the  grand  whole, 
>vitbout  being  fitted  each  piece  to  its  neighbors  in  the  proc- 
ess of  erection.    They  undoubtedly  made  the  finest  show  of  Bri^?s^erhi^u**' 
machinery  in  the  Exposition,  and,  as  might  be  expected,  only 
^lecond  in  its  extent  and  range  of  classes.    Very  nearly  the 
whole  of  it,  however,  has  been  exhibited  and  reported  upon 
before. 

Many  claims  for  improvements  on  different  well-known 
and  valaable  machines  were  made ;  but,  upon  inspection, 
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they  proved  only  how  slight  a  change  might  be  made  into  a 
matter  of  great  importance  by  the  stretching  of  an  elastic 
imagination.  In  the  United  States  section  a  model  was 
Kake*8  oro-  ghown  of  Blake's  ore  and  stone  crusher,  probably  placed 
there  that  it  might  be  compared  with  the  so-called  improve- 
ments on  that  machine.  If  this  was  the  purpose,  it  was  a 
wise  one,  and  might  be  followed  by  others  with  good  results 
in  future ;  for  by  comparing  this  model  of  the  original  ma- 
chine with  the  claimed  improvements  an  impartial  man 
A«  to  modmca.  would  Certain ly  discover  that  the  only  change  from  the  orig- 

tionB  claimed  as  "^  */  o  o 

Improvements,    inal,  which  was  not  really  a  detrimental  one,  was  the  mere 

substitution  of  a  thin,  light,  crushing  plate  for  breaking  soft 
stone,  in  place  of  using  the  heavy,  strong  plate,  or  rather 
jaw,  capable  of  crushing  the  hardest  and  strongest  rocks, 
which  is  usually  placed  in  the  machine.  The  Blake  ma 
chine  is  so  exceedingly  simple  and  so  effective,  that  it  seem 
almost  ridiculous  to  follow  that  particular  direction  any  for 
ther  with  the  hope  of  making  improvements. 

P*ij»Yorkin«jf        Paper-tcorJcing  and printing^  mdchinery  and  apparatus. 

chines. 

Kientsy  Bros.      Kicutsy  Bros.,  of  Paris,  had  on  exhibition  a  very 

lot  of  specimens  of  their  manufacture  of  paper  machinery j^ 

Engine-tab  of  amoug  which  the  only  notable  thing  was  an  engine-tub  mad^^^e, 

cement* 

and  beautifully  made,  of  pebbles  and  hydraulic  cement  (co^^n- 


crete),  in  the  use  of  which  the  French  possess  wonderful  sk^^//. 

^^oSrdrinier     ^'  LhuilUex,  of  Vicune,  ( J»^e),  showed  a  Fourdrinier  n       ^ft- 
luachine.  chiuc  in  Operation,  apparently  a  creditable  piece  of  wo^^rk^ 

but  although  a  descriptive  catalogue  was  promised,  it  1 — mm 
never  been  received.    The  machine  had  the  appearanc^^^  of 
great  strength,  each  part  driven  by  separate  cone-puU^^ys 
for  changing  and  regulating  the  speeds.    The  cutter  ^s^as 
novel,  but  evidently  lacked  one  great  requisite — speed.    'K^'iie 

Paper-cutter,   paper  is  cut  by  a  straight  blade,  moved  by  a  cam  motion^-  at 
each  end,  and  raised  by  counterpoise  weights  after  the  iz^as- 
sage  of  the  cams  and  the  making  of  the  cut.    The  pape-x'u 
fed  up  at  each  stroke  by  a  ci'ank  motion  moving  a  bar  xriui- 
ning  across  the  machine,  the  length  of  the  paper  being  x^- 
ulated  by  the  radius  of  the  crank-pins.     The  machine  is 
almost  noiseless,  because  it  is  free  from  shocks,  and  is  cer- 
tain in  the  length  of  its  sheets — two  great  recommendations 

The  exhibit  of  printing  machinery  was  small  compared         |  ^ 
with  that  at  the  Centennial  Exhibition.    The  most  impor- 

Marinoni'scon-tjiiiij  exhibitor  was  the  house  of  Marinoni,  of  Paris,  com-         V^ 

tmuuus  pnnting-  '  l  •  i.  I" 

machine.  prisiug  quitc  a  uumbcr  of  different  forms,  among  whicli         l\ 


were  three  continuous  presses,  for  which  they  claimed  special 
advantages — one  for  printing  newspapers  of  small  size  and 
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the  Other  two  for  large-sized  papers.    They  were  said  to  ^J^a^ni^prfnt. 

3oanty  print,  eat,  arrange,  and  pass  off  the  papers  in  pack- 

ifires  of  one  hundred.    The  cutting  arrangement  is  covered 

>y  a  patent  beariug  date  October,  1877 ;  and  for  the  coun^  ^d?iJS'5*"^ 

n^  arrangement  tlie  claim  was  made  that  it  was  entirely 

lew.     Unfortunately,  after  making  very  many  visits  for  the 

>arpo8e,  the  writer  failed  to  see  any  of  these  machines  in 

^accessfnl  operation,  the  cause  of  failure  being,  in  his  opin- 

OD,  due  to  the  impossibility  of  such  paper  as  they  were  try- 

ng  to  use  being  passed  through  a  continuous  press,  and  not 

x>  any  grave  faults  in  the  machines  themselves. 

In  the  British  section  an  Ingram  continuous  rotary  press  Ingram  oon- 
was  every  day  in  successful  operation,  printing  copies  of  the  maoSSL^  ' 
London  "Illustrated  News."    The  paper  from  the  roll  was,     ••ninat»ted 

*^    *  .       ,      •      LonaoB  Newt." 

passed  through  a  pair  of  cylinders,  where  it  received  the 
imprint  of  the  letter-press  forms ;  it  then  passed  to  the  pic- 
ture cylinders,  where  the  illustrations  were  printed  on  the 
other  side  of  the  sheet ;  thence  to  the  cutter ;  aiid  finally  to 
the  folding  arrangement,  which  delivered  the  finished  copies 
at  the  rate  of  about  six  thousand  per  hour. 

Derriey-Dalloz,  of  Paris,  had  on  exhibition  a  continuous    Dorriey-Daiiot 
rotary  job  press,  in  which  it  was  intended  to  take  the  paper  t«ry  lob-preM. 
fix)m  the'roll  and  cut  it  the  required  length  and  width,  in 
passing  to  and  before  it  reached  the  printing  cylinders. 
With  this  machine  there  was  some  difficulty,  and  the  at- 
tempts made  to  run  it  were  all  failures. 

D.  Hntinet,  of  Paris,  had  at  work  a  machine  for  printing        d.  Hutinet 

1.  t      ^t  ■■••«  '        t      •      »A.    ctaromatio  print* 

business  and  other  cards  in  six  colors,  very  simple  m  its  ing-maohine. 
construction  and  perfect  in  its  operation.  The  card  to  be 
printed  was  forced  against  the  plate  by  a  crank,  the  six 
plates  with  the  different  colors  being  carried  on  a  shaft, 
^'hich  was  turned  one-sixth  of  a  revolution  at  each  revolu- 
^on  of  the  crankshaft  by  means  of  a  cam  motion,  and  the 
Jolor-roUers  passed  over  the  plates  by  the  same  motion. 

J.  Jomaux,  of  Paris,  exhibited  the  type-composing  ma-  ineSSSSo?^ 
hine  invented  by  Isidore  Delcambre;  Charles  Kastenbein,    geicMnUre. 
►f  Paris,  his  composing  and  distributing  machines ;  Patnck 
\.die,  of  London,  Eraser's  distributing  and  composing  ma-    Fmser. 
;hines.     These  machines,  so  far  as  can  be  seen,  are  quite 
inoiilar — the  type  being  arranged,  by  the  aid  of  the  distrib- 
iting  machines,  in  tin  troughs  or  flat  tubes  for  the  compos- 
ng  machines,  in  which  they  are  arranged  in  a  vertical  po- 
atioD,  and  the  type  distributed  by  means  of  a  key-board 
imilar  to  that  of  a  piano.    They  claim  to  set  up  from  six 
o  ten  thoufland  types  per  hour. 


394 


A.  Troaillet. 


Numbering  ma- 
chine. 


Description. 


Machines,  ma- 
chine-tools. 


Qaiclc-return 
motion  for  shap- 
ing-machines. 


Planing-ma- 
chines. 


Yarrall,  Elwell, 
Sl  Middleton. 


UNIVERSAL   EXPOSITION   AT   PAKIS,  1878. 

Que  of  the  neatest  exhibits  of  light  machinery  was  that 
of  numbering  machines  by  Auguste  Troaillet,  of  Paris. 
These  machines  are  made  for  qaite  a  variety  of  purposes, 
the  larger  ones  chiefly  for  numbering  bank  notes,  raikoad 
tickets,  and  election  tickets,  where  the  name  of  each  voter 
is  recorded  and  the  number  of  the  vote  stamped  upon  the 
ticket.    They  are  made  upon  the  same  principle  as  the  coun- 
ter in  common  use  for  counting  the  revolutions  ot  steam-en- 
gines and  other  machinery,  are  ver3'  compact,  and  of  fine 
workmanship.    To  the  first  cylinder  or  units  roller,  upon 
which  the  figures  are  engraved,  is  attached  a  ratchet-wheel 
of  10  teeth,  to  which  motion  is  given  by  a  click,  with  a  lever 
attachment.    Each  movement  of  the  lever  passes  a  tooth  of 
the  ratchet,  and  brings  forward  the  next  figure,  until  the 
is  reached,  when  a  pin  which  passes  through  this  ratchet  an 
roller  is  brought  in  contact  with  a  fixed  inclined  plane  a 
tached  to  the  frame.    In  passing  the  plane,  the  pin  is  forces  ^^j 
inward  against  a  spiral  spring,  until  its  inner  point  is  passe-  :^^ 
into  one  of  ten  spaces  cut  in  the  side  of  the  second  or  terrmas 
roller,  when  it  is  carried  along  one  space  with  the  units,  acrmKi 
the  first  ten  is  numbered.    This  is  repeated  until  the  nn^^an. 
ber  99  is  reached,  when,  upon  the  pin  being  tbrced  in,  ^Bfts 
inner  point  comes   in  contact  with  a  similar  pi^  passL   -mg 
through  the  tens  roller,  which,  in  its  turn,  is  forced  thron^   ^ 
nntil  its  point  enters  one  of  ten  spaces  in  the  third  rol^^  ««r, 
when  it  also  is  moved  with  the  two  first  to  number  100.    KIZTie 
process  is  repeated  to  any  number  of  figures  required,    ^^ila- 
chines  aie  constructed  to  number  notes  or  tickets  in  sh^^«ts 
of  any  size.    The  high  reputation  of  these  machines  is     iui> 
doubtedly  well  earned.    They  are  exquisitely  well  made^. 

Machines^  machine  tools. 

One  of  the  largest  classes  was  that  of  machinist's  tools, 
in  the  French  section  alone  there  being  about  100  exhibitors. 
The  tools  generally  were  just  such  as  may  be  seen  in  any 
of  our  machine  shops. 

Quite  a  variety  of  "quick-return  motions"  were  to  besee^"*^ 
on  the  shaping  nachines,  but  it  is  more  than  doubtft:^ 
whether  any  of  them  is  as  good  as  that  made  by  Mr.  WW 
worth  on  the  original  machine. 

Of  planing  machines  a  large  number  were  on  exhibition:^^' 
varying  in  size  from  the  smallest  hand  macLines  to 
large  power  machine  of  Messrs.  Varrall,  Elwell,  &  Middl 
ton,  of  Paris,  which  was  capable  of  planing  a  piece  from 
to  10  feet  square  and  25  to  30  feet  long;  very  English 
style  and  finish,  as  were  all  the  tools  exhibited  by  this  firc^- 


\ 


<« 


■p  ^ 


^ 


"V,^      ^ 


^J^_^ 


V^. 


e 


*ei 


MACHINES  AND  BIACHINE  TOOLS:    COMMISSIONER  PORTER.    395 

The  method  of  lubricating  the  slides  was  novel  and  good.  ^hiiMf'*"^*"*" 
In  the  Vs  of  the  bed-piece,  at  a  distance  of  some  three  feet  ^^JJ^tSiT*"* 
apart,  pockets  were  made,  in  which  were  placed  rollers  of 
five  inches  diameter,  tamed  to  fit  the  surface  of  the  Vs  on 
the  table. 

These  rollers  were  on  small  journals,  and  apparently 
held  up  by  springs  so  high  that  they  were  brought  in  con- 
tact with  the  Vs  of  the  table,  and  by  this  contact  made  to 
revolve  while  the  table  was  passing  over  them.  The  pockets  Description. 
were  filled  with  oil  as  far  up  as  the  center  of  the  rollers, 
which  in  their  revolution  carried  it  up  and  deposited  it  on 
the  Vs  of  the  table,  making  the  lubrication  perfect.  This 
planer  was  one  of  the  very  few  tools  on  exhibition  that  were 
put  in  motion. 

There  did  not  appear  to  be  nearly  so  much  attention  paid    As  to  the  con- 
to  what  might  be  termed  the  convenient  handling  of  the  of  £e  machinl 
machine  tools  as  with  us.    What  was  called  a  Sellers  planer  ^^ 
had  the  belts  placed  at  the  side  opposite  the  workman,  and 
the  pulley  or  first  driving  shaft  at  right  angles  to  the  bed, 
making  it  necessary  for  the  workman  in  cases  of  nice  ad- 
justments of  the  cutting  tools  to  climb  over  or  walk  around 
the  machine  to  reach  his  belts,  and  entirely  losing  sight  of 
the  object  Mr.  Sellers  had  in  view  while  designing  the  ma- 
chine, that  of  driving  it  in  a  position  parallel  with  the  line 
shaft. 

Lathes  were  shown  in  large  numbers,  differing  from  our    LnthM. 
own  only  in  the  almost  universal  use  of  gearing  with  heli- 
eoidal  teeth,  very  carefully  made.    They  must  run  quietly, 
lut  not  one  was  to  be  seen  in  motion. 
The  most  marked  difference  between  the  machinery  in  the  ait^gSSSSg? 
^position  and  American  machinery  was  the  use  in  the 
iropean  of  gearing  with  helicoidal  teeth  or  '*  Hook's  gear- 
jp.^    It  was  to  be  seen  in  machinery  of  almost  every  de- 
iption,  from  the  heaviest  to  the  lightest.    For  cutting 
S  gearing,  and  the  patterns  for  it,  M.  A.  C.  Piat,  of   A.c.Piat 
ris,  exhibited  a  machine  which  was  stated  to  be  "not  for    ,,,^*lp^!°®5»' 

'  cutting  helicoidal 

^'^  but  merely  an  addition  to  his  own  plant.    It  was  a  teeth  gearing. 

je  and  rather  complicated  affair,  the  novelty  consisting 

9  having  two  worm-wheels  on  the  spindle  carrying  the 

tf  to  be  cut,  one  of  which  is  used  only  for  dividing,  the 

^  tor  revolving  the  work  while  the  teeth  are  being  cut. 

^orm-shaft  of  the  first  or  dividing  wheel  is  attached  to 

^Dd  or  feed  wheel,  so  that  both  the  dividing  and  the 

rheels  move  together  with  the  spindle  while  the  feed 

iear  and  a  tooth  is  being  cut.    After  the  cut  is  made 

^ber  is  withdrawn,  the  feed  reversed,  and  all  the  parts 
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cuttin^^oSdai^*'^''^  ^^  ^^®  positiODS  occupied  when  the  cut  was  started; 
tiMJth  gearing,     the  change- wheel  on  the  worm-shaft  of  the  dividing- wheel 

is  brought  back  into  gear  with  the  dividing- train ;  the 

division  is  then  made,  and  the  work  goes  on. 
Bariquandt     Very  handsomc   small  machine   tools  were  shown  bv 

Son.  *' 

Messrs.  Bariqnaiid  &  Son,  of  Paris,  with  specimens  of  their 
work  in  parts  of  the  Ghassepdt  gun. 
H.c.Lacq.  H.  G.  LucQ,  of  Pont  sur-Sambrc,  had  a  class  of  tools 
made  for  the  use  of  blacksmiths,  locksmiths,  etc.,  consisting 
of  upright  drills,  to  be  driven  by  hand  or  power  or  both,  as 
Dri^nncbea,  might  bc  dcsircd ;  hand-punches,  hand-shears  for  cutting 
plates  and  round  or  square  iron.  They  were  all  light  and 
well  made,  the  drills  particularly  well  adapted  for  the  use 
of  small  country  or  city  shops,  where  nothing  but  hand- 
power  is  used. 

wbitlSrth!**''^     Sir  Joseph  Wliitworth  &  Co.,  and  Sharp,  Stewart,  &  Co.,^ 

both  of  Manchester,  had  some  of  their  tools,  in  which 
although  there  appeared  to  be  nothing  new,  there  were, 
there  usually  are,  very  fine  specimens  of  good  workmanshi 

^8^,  Stewart*     Sharp,  Stcwart,  &  Co.  had  a  machine  to  be  driven  b^ 
Machineforfiic.  haud  or  belt  for  facing  the  valve-seats  of  locomotives 

Ing  viuve-seata.  ^ 

other  steam-engines  in  position,  with  various  other  tools  f< 
repairing  locomotives, 
whitworth  &     W^hitworth  &  Co.  exhibited  a  hydraulic  machine  for  tes 

Co 

HydranUoteat-ing  the  tcnsile  strength  of  metals.    The  bar  to  be  test^^a»^d 
ingmao  mo.      ^^  enlarged  and  screwed  at  each  end,  screwed  into  tf^^^he 


machine,  and  the  force  applied  by  means  of  a  pump  o] 
ated  by  hand,  the  strength  being  indicated  by  a  pressc: 
gage,'and  its  ductility  by  the  difference  in  the  length 
the  test  piece  before  and  after  it  is  pulled  apart.    They 
showed  a  beautiful  self-acting  foot-lathe  with  steelharden^ed 
spindle  in  steel-hardened  bushings ;  a  large  assortment       of 

piate^Mdgi^ screw-cutting  tools,  both  for  hand  and  machines,  in  wh^^cft 

they  still  adhere  to  the  thread  with  round  top  and  hotter  m; 
two  pairs  of  surface  plates,  with  their  well-known  mea&^ir 
ing  machine,  and  cylindrical  gages. 
Julius  HaiL        Julius  Hall,  of  Loiidou,  had  a  drill  (partially  exposed)  for 

ing  aqnare  holes,  drilling,  or  morc  propcrly  milling,  a  square  hole  out  of  tl^^ 
solid,  in  wood  or  any  of  the  metals.  An  ordinary  han^l- 
drilling  machine  was  used.  The  cutting  end  and  the  8e^3- 
tion  of  the  shank  of  the  drill  was  an  equilateral  triangl^y 
the  side  of  which  was  equal  to  the  side  of  the  square  ho^"* 
to  be  bored,  and  the  shank  made  of  sufficient  length  O^ 
allow  the  cutting  end  while  revolving  to  foUow  the  sides ^^^ 
a  square  hole  of  the  same  size  as  the  hole  to  be  bored,  qb^^ 
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as  a  guide.    In  the  state  in  which  the  sqnare-hole  drill  was 
exhibited  it  is  more  of  a  curiosity  than  a  useful  tool. 

Large  numbers  of  milling  machines  were  on  exhibition,      Miuing  m* 
^with  nothing  whatever  about  them  giving  the  slightest  claim  ^ 
to  novelty  or  to  any  particular  notice. 

A  very  extensive  display  was  made  of  emery  wheels,  from  and^gjjjj®*** 
the  size  of  an  ordinary  grindstone,  3  or  3^  feet  in  diameter, 
flown  to  i  inch  in  diameter,  with  machines  especially  adapted 
for  their  use — for  sharpening  cutting  tools,  grinding  flat 
and  cylindrical  surfaces,  to  correct  the  inaccuracies  of  the 
lathe  and  planer,  and  others  proiiosing  to  do  away  entirely 
with  steel- cutting  tools  and  finish  their  work  from  the 
rough.    The  best  machine  of  this  class  of  machine  tools  was 
that  of  the  Brown  &  Sharpe  Manufacturing  Company,  of  gj^^^^^  £SS»5 
Providence,  R.  I.,  for  grinding  and  iiuishing  flat  surfaces,  ^^^^^s  compMiy. 
well  adapted  for  grinding  steel  surfaces,  hard  or  soft,  such 
as  the  faces  of  punches  and  dies,  straight  edges,  and  many 
small  tools  in  common  use.    None  of  these  tools  were  put 
in  operation,  so  that  there  was  but  little  to  guide  one  in 
judging  of  their  merits,  except  his  own  experience. 

The  Brown  &  Sharpe  Company  made  a  very  handsome     Cuttew,  took, 
display  of  their  small  tools,  such  as  cutters  for  gear-wheels, 
taps,  reamers,  drills,  etc.,  with  steel  rules,  squares,  and 
gages  of  various  descriptions. 

Messrs.  Jackson  &  Bro.,  of  Bolton,  England,  exhibited    JaokaonA^Bin. 
Scott's  patent- wheel  molding  and  gear- cutting  machines, 
iritli  J.  C.  Scott's  patent  dividing  apparatus.    The  object    scotf s  wheel- 
X8  to  keep  the  dividing- wheel  down  to  a  moderate  diameter,  cutting        uw- 
and  to  do  away  with  change- wheels.    The  dividing  was 
<lone  in  the  usual  way  by  means  of  a  worm  and  worm-wheel,  nividiugwheei. 
t!}iB  fractioual  parts  of  a  revolution  of  the  worm-shaft  were 
^^e^alated   by  movable  steps  on  a  circular  disk,  through 
^hich  the  worm-shaft  passed.     A  latched  crank-arm,  by 
l^eans  of  which  the  worm-shaft  was  turned,  was  clipped  to 
tdie   shaft,  so  that  it  might  be  readily  slacked  up  and  re- 
tnimed  to  its  original  position  after  the  fractional  part  of  a 
:!:« volution  is  made.    Judging  from  the  number  of  exhibits 
^f  gearing  made  without  patterns  to  be  seen  in  difi'erent 
parts  of  the  Exposition,  these  wheel-molding  machines 
must  be  very  generally  used. 

Messrs.  Aiken  &  Drummond,  of  Louisville,  Ky.,  had  on   Aiken  &  Dram- 
exhibition  a  hand  or  power  molding  machine  for  foundry  "°°Moiding  txm- 
use,  which  is  no  doubt  a  useful  tool,  although  its  capabili-  ****^^ 
ties  could  not  be  properly  shown.    This  machine  was  in- 
tended to  mold  such  work  as  gas  and  water  pipe  fittings, 
cocks,  valves,  and  other  plumber's  goods,  axle-boxes,  sash- 
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Aiken  ^Dniin- 
mond. 

Molding  ma- 
chine. 


R.H.TweddeU 
Hydranlio  En- 
gineering    Com- 
pany, of  Chester. 


H^'draulic 
machinery. 


Biyeting- 
maohinea. 


weights,  sad-irous,  and  all  castings  of  such  character.  It  is 
said  by  the  exhibitors  that  it  is  capable  of  turning  oat  foxu* 
times  as  mnch  work  as  can  be  done  by  one  man  on  a  hand- 
bench  ;  that  no  skilled  labor  is  required,  as  the  machine  sets 
the  patterns,  draws  them,  and  rams  the  sand ;  that  it  being 
unnecessary  to  rap  the  patterns  or  sponge  the  molds,  the 
castings  produced  are  exact  duplicates  of  the  patterns. 

Very  handsome  exhibits  were  made  in  the  British  section 
by  E.  H.  Tweddell,  of  London,  and  the  Hydraulic  Engineer- 
ing Company,  of  Chester,  of  hydraulic  machinery,  consisting 
of  accumulators;  pumps  for  accumulators,  with  automatic 
arrangements  for  stopping  and  starting  them  by  the  accu- 
mulator ;  a  stationary  riveter  for  boiler  work ;  portable  rivet- 
ers, with  their  cranes  and  connections,  for  riveting  girders 
or  bridge  work  in  position,  etc.    The  power  was  transmitted 
to  the  portable  riveters  through  coils  of  copper  pipe  i 
place  of  the  jointed  pipes  used  heretofore,  one  coil  leadin 
from  the  mast  of  the  crane  to  the  carriage  on  the  jib,  an 
an  ther  coil  from  the  carriage  down  to  the  riveter.    Th- 
coils  opened  or  closed  as  the  parts  were  moved  in  and  o 
or  up  and  down,  and,  having  no  moving  joints,  were  alwa; 
tight  under  all  pressures. 

stone-di«Bsing  Stonedressifig  machines. 

machine. 

The  most  remarkable  labor-saving  machine  was  that 
Bninton  &  Mcssrs.  Bruutou  &  Trier,  of  London,  for  dressing  stone 
means  of  revolving  cutters.  The  machine  exhibited  (( 
50)  was  made  for  dressing  flat  surfaces  on  freestones  a. 
limestones.  It  consisted  of  a  heavy  headstock,  A  (FL 
I  and  2),  supx)orting  the  shaft  which  carries  the  chuck 
with  a  bed  and  table  similar  to  those  of  a  planer  for  hc3l.<cj- 
ing  the  block  of  stone  and  feeding  it  across  the  face  of  t:M:Me 
chuck.  There  are  twelve  cutters  in  B,  each  12  inches  :i~Q 
diameter,  made  of  cast  iron,  with  chiUed  cutting  edges;  'th^^y 
incline  inwards,  and  cut  the  stone  with  their  inner  edg^^-^^ 
The  track  described  by  the  cutting  edges  was  a  circle  6fe^^t 
Capacity  of  the  ii^  diameter.    The  machine  could  therefore  dress  a  stoiii^^) 

machine.  g^y^  q  ^^^^  widc,  aud  of  any  length  the  bed  might  be  tubM^  ^ 

to  carry.  The  new  feature  in  this  machine  lies  in  the  fa^^^ 
that  the  cutters,  in  place  of  rolling  over  the  surface  of  tk  ^ 
stone  by  their  contact  alone,  are  forced,  by  means  of  gesm^^' 
ing  inside  the  chuck,  to  revolve  at  the  same  circumferential^ 
Planetary  vclocity  as  that  with  which  they  are  passing  over  the  ston   ^ 

oiitt««.  ^         — about  2,600  feet  per  minute ;  while,  if  they  were  dependeup^  ^ 

upon  their  contact  with  the  stone  for  their  rotation,  a  ver^ 
slow  motion  only  would  be  possible.    The  chuck  is  driv&M 


Trier. 


Deacription. 
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belt  on  the  pulley  C,  and  the  relative  rotation  of  the  P™^"l5J!l; 
■rs  controlled  by  a  belt  on  the  pulley  D.  The  atone '"e  "uwinne. 
Ted  acroas  the  lace  of  the  chuck  at  the  rate  of  from  3 
5  inches  to  3  feet  9  inehea  jwr  minute.  "While  in  use 
chuck  is  kept  nearly  half  full  of  aoap  and  water,  for 
eatin;;  the  bearings  and  gearing  driving  the  cutters, 
niacbinc  mimitig  :tt  tb«  ExpoMtion  was  dressing  brown- 


,  and  i^erformed  its  duty  rapidly  and  well,  the  cutters    DMoription. 

:  siet  to  cut  iu  three  stepa ;  but  four  out  of  the  twelve 

finishing  the  face,  requiring  from  10  to  IS  horsepower 

ive  it,  depending  of  course  upon  the  speed  at  which 

huck  was  driven. 

.chines  are  made  of  OiGTerent  sizes  and  designs  to  suit 

OS  purposes.     That  shown  in  Pigs.  3  and  4  is  so  ar- 
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ton ^Tri- ranged  as  to  cntwitb  tlieouteredges,witliatrack  ISiDches. 

ciiiiift  wide,  aud  having  a  vertical  adjustment  of  the  chuck  t«j 
cover  a  wider  surface  if  necessary.  Some  of  the  work  o 
this  Bmall  machine  in  granite  wag  exhibited,  which  waswc- 


cntMn  orwell  done,  the  exhibitors  claiming  to  work  it  expeditioosly 

I'liilled  Iron  or  of        ,     ,  ,  ,    „  ■     "  .  .1  r  .v 

iitwL  and  cheaply,  using  steel  for  their  cutters  m  place  ofllw 

chilled-iron  ones  used  on  softer  stones.     The  cutters  while 
at  work  did  not  get  hot,  and  kept  their  edges  perfectly  tdl. 
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Very  flue  specimeoB  of  leather  belta  were  showii  id  diflTer- 
t  sections,  some  of  estrnordinaiy  width,  of  double  and 
pie  thicknesses. 

The  immense  belt  of  J.  B.  Hoyt  &  Co.,  of  Kev  York,  ex-    J.  b.  Hoyt  t 
bited  in  the  Unit«d  States  section,  was  a  handsome  and 
ill-made  piece  of  work,  and,  to  say  the  least,  was  nnsur- 
aeed  by  those  of  any  other  section.    Tbomasset  &  Driot,  Drio^""""'  * 
Paris,  exhibited  belta  made  principally  of  hair,  said  to   Hairbeiu. 


more  elastic  and  to  possess  double  the  strength  of  leather, 
ej  are  made  for  special  purposes,  and  would  certainly  be 
'expensive  for  common  use. 

The  mode  of  driving  mills,  factories,  etc.,  by  means  of  Driring  beiu 
iring  seems  now  to  be  in  a  fair  way  of  being  abandoned  JJ^J'™'™"**'"' 
Europe,  and  thatadoptedinthis  country  many  years  ago, 
driving  by  main  belts,  substituted  in  its  place.  The 
rer  was  taken  from  many  of  the  large  stationary  steam- 
inea  running  in  the  Exposition  by  hempen  ro]>es  of  2 
les  diameter,  the  fiy-wheels  on  the  engines  and  the  pulleys 
living  the  |H)wer  being  grooved  for  the  ropes.  Each  rope 
26  p  E VOL  4 
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H<g*«j"''^t°i«i8  aaid  to  be  capable  of  delivering  23  horsepower  when 
moving  at  a  velocity  of  2,000  feet  per  minute.  The  use  of 
ropos  is  recommended  because  they  are  cheap  in  first  co»t, 
because  they  are  light  and  durable,  many  of  them  haviag 


been  in  constant  use  for  ten  years  without  material  d^'^ 
rioration. 

In  conclusion,  I  have  to  aay  that  I  regret  being  nn&bl»  "* 
get  more  out  of  this  great  collection  of  machinery  tf^ 
would  be  practically  useful  to  our  mechanics. 

WM.  T.  POETBR, 
Additional  Comminioner. 


CLOCKS  AND  WATCHES. 


EDWARD  H.  KNIGHT,  LL.  D. 


Attn 


REPORT 

ON 

CLOCKS   AND   WATCHES 


There  were  nearly  six  hundred    exhibits  in  Glass  26   NnmiMr  of  ex. 

^orlogerie)j  more  than  four-fifths  of  them  being  contrib- 

^  by  France  and  Switzerland.     The  other  countries 

[>resented  were  England,  Austria,  Spain,  Denmark,  Bel-    countries  com- 

im,  Holland,  Sweden,  Italy,  Eussia,  and  the  United  States 

America.    France  and  Switzerland  presented  collective    ^»,coiie^e 

,  exhibita       from 

hibits  of  their  watch  manufacture,  but  no  collective  ex- France  mdswit. 

zerland. 

nts  wei*e  made  in  this  class  by  the  other  countries,  for  the 
nple  reason  that  the  number  of  entries  from  each  was  not 
Q&cient  to  constitute  such  a  display.    The  United  States 
d  but  six  entries  in  the  class.    There  were  three  exhibits    United  states 
clocks,  the  Seth  Thomas  Clock  Company,  the  Ansonia^'  SethThomaa 
>ck  Company,  and  the  house  of  F.  B^roeber  being  repre-    r  k«SSS?"^* 
^ted.    There  wa«  but  one  exhibit  of  watches— that  from 
^   factory  of  the  American  Watch  Company— and  its  American 

^^itude,  variety,  and  excellence  attracted  general  atten-    *      ompany. 
xj.    Hagstoz  &  Thorpe  had  an  exhibit  of  watch  cases  of  ^^     Hagstos  st 

Thorpe^ 

ouliar  construction,  and  E.  J.  Meybridge,  of  San  Francisco,        b.  j.  Mey- 

^Deomatic  clock.    This  completes  the  list  of  American  ex-  ^^^^ 

^itors  in  Class  26.    The  six  exhibits  received  no  less  than 

t  awards. 

Hhe  awards  to  American  exhibitors  were  as  follows :         ^  ,,  AY"f^»*® 

United  states  ex- 
Gold  vudal.  """^ 

American  Watch  Company Waltham,  Mass. 

SUffer  medal, 
Seth  Thomas  Clock  Company New  York,  N.  T. 

Bronze  medaU, 

AiOsoDia  Clock  Company Ansonia,  Conn. 

Charles  Vander  Woerd  (Collahorator),  of  the  American  Watch  Com- 

ny Waltham,  Mass. 

Hagstoz  &  Thorpe Philadelphia,  Pa. 

Honorable  mention. 
F.  Kroeber New  York,  N.  Y. 

Owing  to  the  difficulty  of  properly  demonstrating  the 
)rk  of  the  curioas  and  minute  special  machinery,  by  the 

405 
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CoraparUon  of  attendance  of  skilled  and  accustomed  operatives  in  a  for- 

the       American  -^ 

Watch      Com-  eign  country,  the  American  Watch  Company  did  not  repeat 
5»   Philadelphia  the  interesting  feature  of  its  Centennial  displaj'^  by  showing 

the  watch  in  process  of  manufacture,  but  restricted  itself  to 
an  exhibit  of  the  finished  watch  in  many  forms  and  of  th^^ 
various  parts  ready  for  assembling. 
The  exhibits  of     Naturally,  the  exhibits  of  France  and  Switzerland  wer^ 

France  and  Swit-  ,  ^         •         j.«.  j.i_  ^   . «.  ^  •       • 

zeriand  the  most  much  morc  cxtcusi  vc  than  those  of  the  same  countnes  i^ 
extens  ve.         1876.    The  exhibit  of  France  was  noticeably  in  advance  c^-j 
any  previous  display  of  that  country  in  horology.     Tti« 
watchmakers  of  the  D^partement  du  Doubs  and  the  cloc]^. 
,  makers  of  Paris  were  well  represented,  the  latter  winning 
the  admiration  of  the  jury  for  the  beauty  and  perfection  of 
PenduUdevoy- their  work.    The  petidule  de  voyage^  or  traveling  clock,  was 
displayed  in  great  variety  by  many  exhibitors  and  there 
Tower  clocks,  were  fiuc  specimcus  of  heavy  clocks  for  church  towers  and 
similar  places,  and  of  clocks  that  would  operate  for  Iodjt 
periods  with  a  single  winding.    Clocks  to  run  a  month  were 
numerous,  and  there  were  several  that  would  run  a  year. 
Clocks  for  iTui- One  exhibitor  presented  a  clock  that  needed  to  be  woond 
wHSoatw?nding.  but  oucc  iu  fifty  ycars,  and  another  a  clock  with  a  compli- 
cation of  springs  that  was  guaranteed  to  keep  it  in  opera- 
tion for  a  thousand  years.    Owing  to  the  brevity  of  the  ex- 
hibition and  other  causes  the  jury  was  unable  to  make  a 
practical  test  of  the  correctness  of  the  claim  in  these  two 
cases.     There  were  clocks  propelled  by  water,  others  by 
Electric  clocks,  elcctricity  iu  Several  ways,  and  clocks  that  moved  orreries 
Orreries.         ^f  great  Comprehensiveness  and  elaborate  construction.   In 
ciocks.^"^"™**^^  ^^^  Austrian  section  the  pneumatic  apparatus  designed  to 

operate  dozens,  hundreds,  or  even  thousands  of  clocks  in  all 
parts  of  a  large  city  was  exhibited,  and  an  arrangement 
that  somewhat  resembled  it  was  brought  to  the  American 
section  too  late  to  be  entered  for  competition.  In  the  French 
Metric  system  soctiou  there  was  a  clock  on  the  decimal  system ;  it  divided 
the  day  into  ten  hours,  begining  at  midnight,  and  this  hour 
was  then  divided  into  tenths.  The  tenths  of  ItDurs  were 
divided  again,  and  then  there  was  another  division  of  tenths 
that  brought  the  measurement  of  time  down  to  a  fine  point. 
The  clock  was  well  constructed  and  the  principle  on  which 
it  was  built  was  easy  of  comprehension ;  it  was  a  natural 
outgrowth  of  the  metric  system  of  weights  and  measures* 
but  did  not  meet  with  favor  in  the  eyes  of  the  jury, 
by^iti^andoan-  "^^^  Swiss  exhibit  was  arranged  according  to  cities  and 
tons.  cantons,  so  that  the  study  of  the  work  of  any  particular 

section  was  greatly  facilitated,  and  the  same  was  the  case  to 
a  less  extent  in  the  French  section.    The  manufacturers  of 
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itohee  in  the  D^partement  du  Doubs  sent  uearly  two  hun-  d^|5«?^™*°'^'* 

ed  separate  lots  for  making  ap  their  collective  exhibit, 

it  many  of  the  lots  were  very  small  and  of  little  value. 

le  French  watches  were  hot  conspicaous  for  their  excel-      character  of 

..,         .  .  J  Ai-  1    French    watche* 

ice,  either  in  movements  or  cases,  and  the  same  remark 
11  apply  to  some  of  the  Swiss  prodactions.    The  most 
editable  watches  in  the  Swiss  section  were  from  Geneva,  and  swIm 
tb  a  few  exceptions,  while  the  best  firom  the  French  mak- 
s  were  from  Paris  rather  than  from  Besan^on.    Watches 

a  high  order  were  presented  by  Andemars,  Ekegren,  and 
her  Geneva  makers,  and  watches  equally  good  by  Leroy, 

Paris.    Some  of  the  specimens  were  a  marked  advance 
'er  anything  shown  at  previous  exhibitions,  but  on  the 
her  hand  there  were  many  exhibits,  more  than  a  minority, 
lat  evinced  no  pro«:ress  whatever.    The  endeavor  to  make    watchee  with 
watch  that  would  perform  many  functions  seems  to  have  ™***^    ^   **"*" 
cached  its  limit  in  1878.    Watches  that  would  tell  the  days 
f  the  month  or  week  and  show  the  changes  of  the  moon  were 
I  abundance,  but  they  are  far  from  new,  iis  the  principle  was 
dopted  many  years  ago  in  the  Dutch  clocks  that  are  to 
e  found  in  many  houses,  where  they  have  stood  half  a  cen- 
ary  and   more.    There  were  watches  that  would  sound  AUnnw«tche>. 
larms  at  a  given  time,  not  only  by  the  old  system,  but  by 
he  discharge  of  a  pistol  or  letting  a  heavy  body  fall  to  the 
oor.    There  were  watches  that  would  show  the  diflference      Comparative 
f  time  between  any  two  or  more  of  the  great  cities  of  the     ^        ** 
rorld,  and  there  was  one  watch  that  seemed  able  to  rival 
be  performance  of  Bowditch's  Navigator  in  working  prob- 
)ms  of  latitude  and  longitude.    There  was  a  watch  no  Mfnut« watches. 
krger  than  a  silver  dime  that  was  certified  to  be  an  excel- 
nt  timekeeper,  and  struck  the  hours  and  half  hours ;  and 
lere  was  another  watch. that  showed  how  energy  and  intel- 
^ence  may  be  wasted.    The  entire  movement  was  of  rock    watch  of  rock 
ystal ;  the  maker  had  been  five  years  over  its  construe- *''^'^ 
jn,  and  ailmitted  that  it  was  not  a  good  timepiece  and  that 
)  never  expected  it  would  be.    In  the  Bussian  section  there 
as  a  clock  which  had  occupied  its  maker  twenty  years  to    Musical  watch. 
mstruct ;  it  had  a  musical  attachment,  and  when  in  opera- 
on  it  set  in  motion  a  lot  of  dancing  figures  and  caused  buds 
ad  flowers  to  open  and  close. 

The  single  exhibit  of  watches  in  the  American  section  at-    interest  in  the 
•acted  more  attention  than  any  other  display  in  horology,  ^^^^^^ 
artly  owing  to  its  extent,  but  mainly  to  the  fact  it  was  an 
^position  of  the  product  of  machine  work.    In  France  and 
witzerland  but  little  machinery  is  used,  and  the  few  ma- 
[lines  now  in  operation  are  either  of  American  manufacture 
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method  of  ^S^.  ^'  copies  of  the  inventions  of  Americans.    The  costom  of 
making.  those  countries  is  to  make  the  different  parts  of  a  watch  in 

almost  as  many  shops  as  there  are  pieces,  and  it  is  safe  to  say 
that  there  is  not  and  never  has  been  an  establishment  either 
in  England  or  on  the  Continent  where  the  whole  work  of 
making  a  watch  is  performed  under  one  roof.  SometimeB 
,  ^^^?«d  *^<*-  the  places  of  manufacture  are  far  apart,  and  the  workmen 

labor    in    many  *  *         ' 

hooses.  employed  on  one  kind  of  pieces  never  see  or  hear  of  those^^ 

engaged  on  another.    A  man  who  calls  himself  a  mana--..^ 

facturer  buys  a  quantity  of  the  finished  pieces,  and  thecrr;^ 
groups  them  together  to  form  a  watch,  and  a  great  deal  c^^f 
filing  and  polishing  is  necessary  to  make  the  different  part:::^ 
fit  each  other.    Each  workman  must  have  his  profit,  hoip^^. 
ever  small,  and  this  amounts  to  a  considerable  sum  wh^^Q 
multiplied  by  the  number  of  persons  engaged  on  a  watc^^. 
Then  the  manufacturer's  profit  must  be  added,  and  al%:^ 
gether  they  serve  to  bring  the  product  to  a  high  price     ^^ 
compared  with  its  worth. 
American  ma-     In  the  machine  system,  established  by  the  American  Wat^ 

chine  system.      Company,  the  parts  of  the  watch  are  all  made  by  machrneg 
in  the  factory  of  the  concern ;  from  the  crude  material  to 
the  finished  movement,  beating  time  by  regular  pulsations, 
The  whole  work  the  wholc  Operation  is  concluded  within  the  compass  of  a 

Sne     establish- single  sct  of  brick  walls.    At  the  outset  the  purchase  of        '^' 

"****  the  material  gives  room  for  a  considerable  saving,  as  the 

brass  and  other  metals  needed  for  a  dozen  watches  must  nec- 
essarily be  much  higher  in  proportion  than  the  same  arti- 
cles for  ten  thousand  watches.    Then,  if  the  ten  thousand 
can  be  constructed  on  the  same  model  and  with  no  varia»' 
tion  whatever  in  the  identical  parts,  the  cost  of  making  tbe^ 
Parts  made  to  various  picccs  ueccssarv  to  the  formation  of  a  watch  will  b^^ 

'^*^®*  considerably  reduced.    The  principle  adopted  by  the  Amer-^ 

ican  Watch  Company  is  the  same  that  has  long  been  ap^"^ 
The  American  plied  to  the  manufacture  of  fire-arms,  sewing  machines,  ag 

Srearms,8ewinfi:-  ricultural  iuiplemcuts,  aud  other  things  both  in  this  couni 

machines,  &c.  i  •      t^  t^  i_    j  "^         •    •      •       *  •       • 

and  m  Europe.   It  had  its  origin  in  America  m  consequen< 
of  the  high  price  of  labor,  which  compelled  manufectur«^^^ 
to  devise  some  mode  of  competing  successfriUy  with  th^^  ^ 
Large  results  cheaper  labor  of  Europe.    Machines  that  with  the  assist:^^'^ 

by  labor  of  one  "  ,,,        ,  ,««  a 

one  man  on  a  aucc  of  onc  man  could  do  the  work  of  five  or  ten  were  th*-^^ — -'^ 

result,  and  the  labor  competition  was  achieved.    But  it  wa^^** 
found  that  the  machine  did  better  work  on  the  average  thai->>^^ 
the  skilled  workman,  or  rather  that  there  was  no  avei 
about  it,  since  each  piece  that  the  machine  turned  out 
Assembling,     cxactly  like  every  other.    The  various  parts  for  a  thousand/ 
rifles  could  be  thrown  in  a  heap,  and,  on  picking  out  enoug'ifr 
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o  form  a  single  rifle,  tbey  were  found  to  fit  perfectly,  a  re-  AMembiing. 
nit  that  could  never  be  accompllsbed  under  the  old  system 
f  hand  labor.  This  was  an  unlooked-for  advantage ;  the 
iventors  of  the  machinery  had  thought  only  of  saving  la- 
or,  and  it  is  doubtful  if  a  single  one  of  them  in  the  early 
ays  liad  ever  considered  the  possibility  of  a  machine  that 
rould  do  better  work  than  the  skilled  artisan. 

A   general  description  of  the  American  Watch  Com- ^^^^JJ^<»^ 
zany's  works  at  Waltham,  Mass.,  and  an  account  of  the^^Q^  ^^^v 
equence  of  operations  in  detail,  may  be  found  in  the  report 
»y  the  present  writer  as  Chairman  of  Group  XXII  on  the 
iitemational  Jury  at  the  Centennial  Exhibition  at  Phila- 
lelphia,  1876.    Pages  46  to  63,  Eeport  of  Group  XXII. 

When  it  was  proposed,  thirty  years  ago,  to  apply  this  sys-    lirpt  attempt 
:em  to  the  manufacture  of  watches,  the  scheme  was  received  JJ^pp^^^^J,^. 
^ith  incredulity.    Machines  might  construct  the  parts  of  a™**^*^- 
rifle  or  a  sewing  machine,  a  reaper  or  a  locomotive,  but  they 
could  never  perform  the  delicate  operations  needed  for  the 
manufacture  of  a  watch.    How  could  a  machine  be  made  to 
torn  out  screwH  so  small  that  a  microscope  is  necessary  to 
examine  them  distinctly,  and  wheels  of  such  dimensions  that 
the  variation  of  the  thousandth  of  an  inch  would  seriously 
affect  their  action?    Esx)ecially  incredulous  was  the  watch- 
making world  of  England  and  the  Continent,  and  the  fail- 
ire  of  the  new  enterprise  was  confidently  predicted.    It 
»egan  in  1850  by  the  organization  of  the  "  Boston  Watch  q^^^  ism*** 
'ompany,''  with  a  factory  at  Roxbury  and  later  at  Waltham. 
he  incredulous  were  right,  and  the  enterprise  became  bank- 
ipt  in  a  few  years.    The  watchmaki^rs  of  Switzerland  had 
eard  of  the  enterprise  with  some  misgivings,  but  they  were 
ot  seriously  alarmed,  and  when  the  crash  of  the  Boston 
^atch  Company  came  in  1857  it  was  nothing  more  than       Failure  and 
ley  exi)ected.    Thci  cause  of  this  failure,  however,  is  not  to 
e  ascribed  to  the  system  which  it  was  the  endeavor  of  the 
riginators  to  introduce,  but  to  lack  of  management  and  to 
he  great  crisis  of  that  year,  sinister  to  so  many  commercial 
nd  industrial  enterprises.    But  the  purchase  of  the  prop- 
rty  by  E.  B.  Robbins,  of  New  York,  for  the  firm  of  Apple-    ^^F^^JJgf- 


on,  Tracy  &  Co.,  and  the  subsequent  organization,  under  Tracy  &  cb 
.he  laws  of  Massachusetts,  of  the  American  Watch  Com-^      AmoricaD 

.  Watch  Company. 

^any,  with  a  capital  of  $200,000,  showed  that  there  were 
>ther  Americans  than  the  unfortunate  pioneers  who  believed 
bhat  watches  could  be  made  by  machinery.    From  this  be- 
srinning  has  grown  the  present  establishment,  with  a  capital    Ci^iitaL 
yf  $1,500,000  and  a  surplus  of  $500,000,  that  employs  1,300   i^bw- 
persons  and  turns  out  in  a  single  year  150,000  watch  move-    Producta. 
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^Sd*J?^iS?i  Doients  and  half  that  number  of  cases.    Before  1850  all  the 
>  18S0.  pocket  time-pieces  ased  in  America  were  imported — ^the  &r 

greater  part  of  them  from  Switzerland — and  for  several 
years  the  importations  were  very  little  affected  by  the 
American  manufacture.  But  the  business  grew  and  pros- 
pered, as  it  was  found  that  the  American  watch  was  better 
Superiority  of  than  the  foreign  one  at  the  same  price,  owing  to  the  saperi- 
laohinework.    Q^j^y  ^f  ^|jg  machine  work  when  compared  with  hand  labor. 

Redaction  of  Prices  wcrc  rcduccd,  and  it  became  possible  for  a  person  oi 
'^^  very  moderate  means  to  carry  a  reliable  watch  in  his  pocket, 

and  he  had  the  satisfaction  of  knowing  that  in  case  any  pai 
of  it  should  become  broken,  duplicate  pieces  were  acoessi 
ble  that  would  fit  exactly.    It  would  only  be  necessary 
^DupUca^p  send  the  number  of  the  watch  to  the  factory,  with  a  descri^_^. 
tion  of  the  damaged  piece,  and  the  return  mail  would  brii^^^ 
the  duplicate,  which  could  be  put  m  place  in  a  few  minnti 
by  the  most  ordinary  repairer  of  watches. 
nd^^^SSih"^     "^^^  Swiss  and  French  watchmakers  heard  of  the  ent 
ortatioDB.         prisc  fpom  time  to  time,  but  continued  to  deride  it  until  tl^^^. 
found  that  their  trade  was  falling  off;  the  American  imi^^^3;.! 
tations  of  Swiss  watches  were  diminishing  in  spite  of  -f^l^ 
growth  of  population  and  the  increasing  prosperity  of  -f^ie 
country.    Not  only  were  they  losing  the  American  trade* 
but  the  Americans  were  attacking  them  in  other  markets, 
nide  ^^teg  Th^J  wcrc  scUiug  watches  in  India  and  Australia,  and  then 
*>"*^  they  went  with  their  machine-made  wares  to  England  and 

opened  a  house  in  London.    Failure  of  this  enterprise  wa^ 
predicted  quite  as  confidently  as  the  original  failure  had  beecr 
predicted  in  1850 ;  but  somehow  it  succeeded,  and  it  wai^^ 
saitm  in  En-  not  loug  before  20,000  to  30,000  watches  were  sold  every  yeaf^ 
in  England  and  the  prospect  growing  better  every  day.   Tbc^^^ 
decline  of  the  importation  into  America  of  foreign-made  time- 
pieces is  shown  by  the  following  ofBcial  figures  of  the  expoi 
of  Swiss  watches  to  the  United  States  for  a  period  of  flve^^^ 
years: 

Importation  of  In  1870 330, 

SSSsTs'^*'''"' In  1»71 342, 

In  1872 36C», 

In  1873 204, 

In  1874 187, 

In  1875 134, 

The  Swiss     Thcsc  figurcs  alarmed  the  Swiss  makers,  and  in  i875  the  -^^/ 
^  determined  on  a  fine  display  at  Philadelphia  in  the  follow 

ing  year,  and  also  arranged  to  send  some  of  the  most  iui 
ligent  of  their  number  to  report  on  the  American  industx^' 
and  the  causes  of  its  rapid  gi-owth  and  general  success.    CPn 
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i  return  to  Switzerland  the  Swiss  judge  at  the  Centennial   ThoSwiMoom- 

**       ^  missioner  of  the 

hibition,  M.  Favre-Perret,  reported  that  the  American  g«>teimiai;   m. 

^  7        x'  Favre-Perret 

.nufactnre  had  reached   such  a  stage  that  the  United 

ites  could  henceforth  be  supplied  without  importations 

m  abroad.    He  openly   declared  that  the  ruin  of  the   hu  report  to 

tch-making  industry  of  Switzerland  was  impending  in 

iseqaence  of  the  competition  of  the  Americans,  and  ad- 

tted  that  he  could  not  point  out  a  remedy.    His  report 

ised  a  great  sensation  among  the  watchmakers  of  France 

d  Switzerland,  and  as  soon  as  it  was  known  that  the 

nerican  Watch  Company  would  have  an  exhibit  at  Paris    Exhibit  of  the 

Amerioan  Watch 

1878  there  was  a  universal  desire  to  see  it.    The  excel-  Company  in  Pa- 

ice  of  the  display  was  freely  iMlmitted  both  by  experts  and 

B  general  public,  but  there  were  many  who  were  slow  to 

lieve  that  the  watches  shown  in  the  American  section 

jre  made  by  machinery,  and  they  were  staggered  by  the 

formation  that  a  single  company  should  employ  over  1,000 

>rkmen,  engaged  in  directing  the  machines  by  which  the 

ktches  were  made.    The  jury  of  the  class  was  composed  (jj^^U*-*"^**' 

four  representatives  of  France,  three  of  Switzerland,  one 

England,  and  one  of  the  United  States  of  America.   The 

icial  examination  of  the  American  exhibit  was  left  nntil 

$  exhibits  of  all  other  countries  had  been  visited,  but 

ring  .the  period  of  their  labors  the  members  of  the  jury 

ormed  themselves  fully  of  the  character  of  the  American 

play,  for  the  purpose  of  making  comparison  with  others. 

iy  the  figures  given  to  the  jury,  it  was  shown  that  the        Avomgeof 

^  «=»  ,w      V  f  watoheaperhand 

tch  industry  of  Switzerland  turus  out  an  average  of  40  by  the  Eoropean 
tx^hes  annually  for  each  workman  employed,  while  theayatema. 
^rage  in  the  United  States  is  about  150,  and  therefore 
I  machine,  with  one  man  to  direct  it,  can  perform  the  work 
four  men.  The  machine  does  not  demand  any  wages  he- 
ld the  interest  of  the  capital  invested  and  the  outlay  to 
^p  it  in  repair;  it  never  enrolls  itself  in  a  labor  union  and 
•eatens  a  strike;  and  it  never  spends  an  evening  at  a  cor- 
r  grocer^',  to  appear  on  the  following  morning  with  an 
steadiness  of  nerves  that  is  particularly  out  of  place  in 
ktchmaking.    The  advantage  of  economy  and  excellence       Advantagea. 

performance  on  the  part  of  a  machine  was  recognized  work. 

the  jury,  and  if  any  of  them  had  been  skeptical,  the 
itches  were  before  them  to  give  testimony  of  the  products 

machine  labor. 

It  is  to  be  regretted  that  no  test  was  made  of  the  perform-    no  teata  mado 
ices  of  watches  of  the  higher  grades.    Several  exhibitors Sghw^i^ESa.'*** 
ked  for  one,  but  the  jury  decided,  after  careful  delibera- 
»n,  that  the  circumstances  under  which  they  were  assem- 
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bled  and  the  short  time  allowed  for  the  performance  of 
their  labors  did  not  justify  soch  a  trial.  Many  of  the  Swiss 
makers  had  the  official  boUetins  of  the  performance  of  their 
watches  at  the  observatories  of  Neoch&tel  and  Geneva. 
Value  of  the  The  establishment  of  these  observatories  has  done  a  great 

Swiss     ooserva- 

tory  tests.         deal  to  stimolatc  the  Swiss  watchmakers  to  reach  a  higher 
degree  of  excellence,  and  it  is  clearly  demonstrated  that 
they  have  made  greater  progress  toward  perfection  in  watch- 
making since  the  observatories  began  their  work  than  ever 
before  in  the  same  time.    It  is  to  be  hoped  that  the  Govern- 
As  to  the  united  men  t  of  the  United  States  will  not  be  altogether  unobserv- 
means  for  official  ant  of  the  example  which  Switzerland  has  set ;  it  is  highly 
ancel^  pe  ®"°  ^jggjj^|ji^  j-ju^^  g^^  Official  Character  should  be  given  to  all 

watches  of  the  highest  grades,  both  as  a  guarantee  to  the 
purchaser  and  a  stimulus  to  the  manufacturer.     In  the 
Swiss  observatories  the  trials  last  for  six  weeks,  and  the 
watches  are  tested  for  position  and  temperature ;  the  lattei 
includes  both  heat  and  cold,  the  first  being  made  in  an  ovei 
Beferenoe  to  ^^^  the  sccoud  in  a  refrigerator.    A  comparison  of  all  th^  ^^ 
the*jS^"2t\het>ulletins  presented  at  the  Centennial  Exhibition,   187( 
centenniaL        showed  that  the  American  watches,  in  two  instances, 

surpassed  the  best  performances  of  the  Swiss  watches  of  ttme 
Report  of  Prof,  samc  grades  in  all  the  various  tests,  and  one  of  them  show^^^ 
Ar^jof!**'  ^        a  difference  of  mean  daily  rate  between  the  first  and  1t^  uf 
week  of  the  trial  of  only  one-hundredth  of  a  second. 
Gradual  adop.     In  the  lowcr  gradcs  of  watches  it  was  admitted  by  ma»^:K}^ 
in^^Fnmoe  f^of  the  Swiss  and  French  makers  that  machinery'  could    J)e     | 
switteriand.      made  of  great  advantage,  and  some  of  them  have  been  usxd^     j 
it  for  this  purpose.    One  firm  in  France  has  adopted  t^fte 
American  system,  and  is  turning  out  a  large  number  of     f 
watches  by  means  of  it,  but  they  are  only  of  the  very  lowest     / 
onler,  and  considerably  inferior  to  the  cheai)est  watches  of     , 
the  American  Company.    The  work  is  of  the  rudest  char-     / 
Used  in  making  act er,  and  there  is  very  little  attempt  at  finishing  the  parts     f 

a  chean  and  com*  %^  » 

mon  watch.        SO  that  they  will  run  smoothly  against  each  other.    Several 

firms  in  Switzerland  are  using  machinery  in  a  small  waj^ 
but  it  is  unpopular  with  their  workmen  in  consequence  of 
its  interference  with  customs  that  have  existed  for  a  great 
number  of  years. 
Compensating     The  jury  was  much  interested  in  the  compensating  bal- 

v.Woerd.        *  ance  invented  by  Mr.  Charles  V.  Woerd,  the  mechanical 

superintendent  of  the  factory  of  the  American  Watch  Comf 
pany,  and  promptly  awarded  him  a  medal  as  a  collaborate 
whose  work  deserved  recognition.    The  form  of  compenal 
tion  hitherto  employed  in  the  balances  of  watches  and  cW 
nometei'S  can  be  made  perfect  only  for  two  critical  tem|f 
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atores,  while  for  intermediate  or  extreme  temperatures  the     c.v.woerd's 

^  ^  oompensation 

cx>mpen8ation  is  imperfect.  Devices  called  secondary  or^ftno«- 
aaxiliary  compensation  have  been  applied  to  remedy  this 
defect  in  a  partial  degree.  The  efifect  of  the  temperature 
is  to  modify  the  elastic  force  of  the  spring  as  well  as  to 
shange  ite  length  and  to  change  the  form  of  the  balance ; 
perfect  compensation  requires  that  the  time  of  vibration  of 
the  balance  shall  be  constant  under  all  the  vicissitudes  of 
temperature  to  which  the  instrument  may  be  subjected. 
rhis  requires  an  arrangement  of  the  parts  so  that  the  mo-  The  problem. 
ment  of  inertia  of  the  balance  shall  maintain  a  constant  ra- 
tio to  the  moment  of  the  elastic  force  of  the  balance  spring. 
The  law  of  the  change  of  the  effective  elastic  force  of  the 
spring  is  not  absolutely  determined,  but  sufficient  is  known 
about  it  to  make  certain  that  the  compensation  cannot  be 
made  perfect  except  at  two  temperatures.  The  expressions 
of  the  variations  of  these  moments  in  respect  to  the  tem- 
perature give,  when  graphically  represented,  two  curved 
lines,  and  the  adjustment  can  be  made  only  for  the  two 
points  where  these  curves  intersect. 

Mr.  Woerd's  device  consists  in  the  substitution  of  an  en-  neeoription. 
tirely  difi'erent  ari'angement  of  bimetallic  laminaB  in  such 
i  way  that  the  ratio  of  the  moments  of  the  balance  and  of 
he  spring  shall  remain  constant  during  all  the  tempera- 
ares  to  which  the  wateh  or  chronometer  shall  be  subjected 
^hile  in  use.  He  employs  steel  for  the  inner  lamina,  as 
saal,  but  for  the  outer  he  uses  a  composition  of  higher  ex- 
ansibility  than  the  brass  which  has  been  hitherto  em- 
loyed.  Instead  of  two  parallel  and  connecting  laminse  he 
ses  only  a  short  arc  of  the  outer  composition,  and  this  is 
onnected  with  the  steel  in  the  form  of  intermeshing  teeth 
iiat  are  solidly  fused  to  it  The  outer  edge  is  turned  down 
o  that  the  edges  of  the  steel  teetii  separate  the  composi- 
Lon  into  a  succession  of  prisms.  By  this  means  the  action 
3  different  from  that  of  continuous  bimetallic  laminae  in 
avoiding  the  constrained  action  of  the  laminae  and  provid- 
ng  for  that  freedom  of  movement  of  the  compensating 
freights  which  is  necessary  to  fulfill  the  actual  requirements 
>f  the  adjustment  for  temperature. 

Another  advantage  which  this  invention  XK)ssesses  is  that  Advantage, 
it  is  always  possible  to  find  the  teeth  in  the  bimetallic  part 
that  are  necessary,  in  connection  with  the  proper  compen- 
sating weights,  to  make  the  motion  of  these  weights  corre- 
spond with  the  requirements  of  the  balance  spring  for  au- 
tochronous  vibration  at  difierent  temperatures.  In  order 
to  lighten  the  steel  rim  and  keep  the  efifective  weight  of  the 
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V.  wo«rd'8  balance  as  near  the  rim  extremities  of  the  segments  as  pos- 
"WO.  sible,  Mr.  Woerd  drills  one  or  more  holes  in  the  steel  rim^ 

and  intermediate  between  the  bimetallic  part  and  the  com- 
pensating weights,  so  that  the  desired  effect  may  be  pro-^ 
duced  by  a  limited  arc  of  the  two  metals.    This  device  alsc^ 
provides  for  a  delicate  adjustment  of  the  poise  of  the  bak.^ 
ance  far  more  easily  than  by  the  old  method.    Altogether 
it  is  confidently  claimed  by  Mr.  Woerd  that  the  mean 
under  his  form  of  balance  and  the  manual  adjustment 
quired  will  be  reduced  to  a  third  of  that  now  obtaining  cl^^^ 
Valuable  re.  der  the  old  systcm.    The  results  that  have  been  obtain^^l 
by  this  form  of  balance  have  been  most  gratifying.    X^l^^ 
first  experiments  were  made  with  60  watches  equipped  witfi 
it,  and  the  reduction  of  time  required  for  adjustment  foil^r 
justified  the  claim  set  forth  above. 

tOT"°iwS»ueat.     ^^  frequently  happens  that  an  invention  appears  siiniil- 

^\h  **  ^u^^'  ^^®^^8^y  i°  ^^o  ^^  more  places,  the  work  of  an  many  mesm, 

who  have  been  working  quite  independently  and  generalX^ 
iguorantly  of  each  other  to  ac4;omplish  a  certain  result   E  '^^ 
the  present  instance  Mr.  Woerd  finds  that  two  Swiss  watct^;^ 
makers  have  been  studying  to  make  a  balance  that  shooB- 
obviate  the  defects  of  the  old  form,  but  they  have  not  y 
hit  upon  a  satisfactory  result ;  and  investigation  shows  th 
Disoassion  in  as  far  back  as  1829  the  question  was  discussed  in  Fran< 
and  Switzerland  and  also  in  England,  and  a  variety  of  d 
vices  for  overcoming  the  difficulty  were  proposed.    In 
three  men  are  known  to  have  been  at  work,  quite  indepen 
ently,  to  construct  a  balance  that  should  give,  at  least 
theory,  a  perfect  compensation  for  all  the  natural  tem 
tures  to  which  a  watch  or  a  chronometer  is  subjec 
Success  in  the  efifort  has  been  first  achieved  by  an  Ameri 
citizen,  and  his  success  is  to  be  attributed,  in  a  measure, 
the  system  of  making  watches  by  machinery,  as  the 
of  construction  required  for  the  balance  is  not 
except  with  the  mechanism  in  use  at  Waltham. 
Micrometer     A  micrometcr   was  shown   at  Paris  by  the  Ameri< 

**^'  Watch  Company,  which  measured  the  25thousandth  p 

of  an  inch ;  and  a  ppper  was  submitted  describing  a 
crometer  screw-gauge  constructing  at  Waltham,  that  wonx^^ 
»        detect  inequalities  in  the  thread  of  a  screw  up  to  hundr<^^* 
thousandths. 
Value  of  inter-     The  valuc  of  international  exhibitions  in  advancing    i^' 

uons  illustrated.'  dustry  cau  havc  no  better  illustration  than  in  the  case  of 
the  American  Watch  Company.    Its  manufacture  and  ssJe 
of  watch  movements  in  1877,  the  year  following  the  Phila- 
delphia Exhibition,  showed  an  increase  of  about  18  per  cent 
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o^er  1876,  and  a  statement  recently  received  fix)m  the  man-  the^Se^Se? 
a^ers  is  to  the  effect  that  the  business  of  1879  was  an  in-  ^^^^  ®*'**^*' 
orease  of  43  pei:  cent,  over  that  of  1878,  the  year  that  the 
oompany  exhibited  at  Paris.    Of  course  a  portion  of  this 
iacrease  in  1879  is  due  to  the  reviv.il  of  business,  but  the 
same  cause  did  not  operate  in  1877,  and  we  may  safely 
credit  the  half  at  least  of  43  per  cent,  to  the  effect  of  the 
Paris  Exposition.     And  the  increase  is  not  confined  to 
watches  of  the  lower  grades  out  of  the  ten  varieties  produced 
by  the  company.     The  demand  for  the  highest  class  of 
watches  is  even  proportionally  ahead  of  that  for  the  low- 
priced  qualities,  and  indicates  that  the  world  is  learning 
that  it  is  no  longer  necess^y  to  patronize  an  European 
maker  in  order  to  secure  an  accurate  timekeeper  for  the 
pocket 

EDWARD  H.  KNIGHT, 

Honorary  CommisHoner. 
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[Extract  from  the  Official  Classification.] 
CLASS  64.— RAILWAY  APPARATUS. 

Separate  part>8:  springSy  buffers,  brakes. 

Permanent  way :  rails,  chairs,  crossings,  switches,  fish-plates,  turn-tables ;  baflRejn^ 
water  cranes,  and  tanks;  optical  and  acoustic  signals. 

Permanent  way  for  tramways. 

Rolling  stock:  wagons  for  passengers,  for  carrying  earth,  goods,  cattle;  locomo. 
tives,  tenders. 

Self-moving  carriages;  locomotives  for  roads. 

Special  tools  and  machines  for  the  maintenance,  repair,  and  construction  of  raO* 
ways. 

Apparatus  for  inclined  planes  and  self-acting  planes;  apparatus  and  engines  for 
atmospheric  railways;  models  of  engines,  of  systems  of  traction,  of  apparatns  apper- 
taining to  railways. 

Models,  plans,  and  drawings  of  platforms,  stations,  and  engine-houses,  and  other 
buildings  necessary  for  the  working  of  railways. 

[This  report  indades  a  part  only  of  the  above  Bahijeots.] 
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ON 


^ILWAY  APPARATUS  AND  MEANS  OF  TRANSPORT. 


In  few  departments  of  industry  has  there  been  a  larger   Owft  improve- 

'^  m€iit  in  means  of 

^  more  valoable  advance  during  the  decade  just  past  than  tnunport  daring 

^t  which  has  been  accomplished  in  the  introduction  of  new 

^d  the  amelioration  of  old  processes,  methods,  and  ma 

^ines  for  transporting  the  products,  traffic,  and  travel  of 

^6  world.    Even  a  cursory  examination  of  the  railway, 

>amway,  and  marine  exhibits  in  the  sections  of  France, 

treat  Britain,  Austria- Hungary,  Belgium,  Italy,  Sweden, 

tid  the  United  States  at  the  Paris  International  Exposi- 

ion  would  suffice  to  satisfy  the  observer  that  while  active 

rains  and  skillful  hands  have  been  working  to  great  pur- 

ose  on  the  western  side  of  the  Atlantic,  the  inventive  on  both  sides  of 

'  the  Atlantic. 

enius  and  productive  energies  of  Europe  have  been  per- 
ai>s  equally  active  during  the  last  ten  years  in  this  im- 
ortant  field  of  industry  and  progress. 

The  subject  of  transportation,  as  exemplified  at  the  Paris    wide  range  of 
ixx)osition,  embraced  the  whole  of  one  of  the  subdivisions  ^^  •°^J®<='' 
f  the  Exposition,  designated  as  *'  Glass  64,  Bailway  Ap- 
paratus," a  portion  of  the  exhibits  in  <<  Class  54,  Machines 
bud  Apparatus  in  Oeneral,"  and  a  large  part  of  the  exhibits 
n  "Class  67,  Navigation  and  Life-saving  Apparatus."    The  fl^Ja'tTJSl^S^ys 
(abje(;t,  as  briefly  reviewed  in  this  report,  will  be  almost  JJ^^J»«*^">"*'»s 
entirely  limited  to  means  of  transportation  upon  land  and 
t)y  railways. 

In  respect  to  the  exhibits  relating  to  this  subject,  as  well 
^  to  those  illustrating  the  condition  of  navigation  in  the 
Maritime  countries  of  Europe,  it  may  be  said  generally  that 
tie  progress  has  been  marked  and  most  satisfactory,  and  of  ro^rew  *i^he 
11  it  may  be  predicated  that  this  progress  has  been  moreiM*d«»^e- 
triking  during  the  past  ten  years  than  in  any  like  period 
ince  the  general  introduction  of  steam  as  a  motive  power. 

Much  of  this  advance  may  be  ascribed  to  the  introduc-   CMise. 
ion  of  improved  machinery,  of  more  scientific,  more  thor- 
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^"tw^rSLtwo^^S^'  ^^^  more  simple  appliances  and  methods,  and  bett^^ 
progreMofiate.  plans  of  construction  in  the  vehicles  of  both  land  ac^j 

water  transportation;  bat  the  most  potent  factor  in  t^^ 
amelioration  which  has  been  accomplished  in  this  depaic^. 
ment  of  human  enterprise  has  been  steel — the  general  int^^^ 
Sabstitutionofdaction  of  stccl  material  into  the  construction  of  railw-^r 
^  tracks,  railway  apparatus  and  locomotives,  and  the  macli.io. 

ery  of  ships  and  boats  propelled  by  steam. 
mvZ  S^\  pro-     ^®  great  benefits  resulting  to  the  world  from  the  cheap- 
ces«ee.  euiug  of  the  cost  of  steel  within  the  last  decade  by  the  more 

Be««emer.  general  introduction  of  the  Bessemer,  Siemens-Martin,  and 
tin.  other  analogous  processes  were  conspicuously  illustrated 

Krnpp.  at  Paris.    The  wonderftd  success  achieved  by  Krupp  at 

schneWer&^E;sgen,  Schueidcr  &  Co.  at  Oreuzot,  John  CockeriU  SocMt6 
soci6t6^  Whit-  ^^  Seraing-lez-Li6ge,  Sir  Joseph  Whitworth  &  Co.  at  Man- 
worth  &  Co.       Chester,  and  others  in  manufacturing  large  and  perfect  pieces 

in  cast  and  wrought  steel,  of  immense  strength  and  saperb 

ower^°»ecm?t"^^^'^'  has  dddcd  greatly  to  the  power,  the  security,  and  the 

and  durabUit^oi  durability  particularly  of  machinery  for  propelling  ocean 

raiijv^ays.  '   and  stoamships,  whilc  the  general  introduction  of  this  metal  in 

the  construction  of  railway  tracks,  engines,  and  rolling 
stock  has  effected  an  immense  and  a  permanent  redaction 
In  the  necessary  cost  of  railway  transportation. 
ExMopie.  A  single  example  out  of  very  many  presented  in  the  sec- 

tions of  France  and  Great  Britain  may  be  mentioned  here 
as  indicating  what  has  already  been  realized  from  the  snb- 
stitution  of  steel  for  iron,  and  in  some  measure  what  may  be 
expected  in  the  future  from  the  largely  increased  use  of 
the  better  metal. 
i>y™wi^tyofa  4  double-headed  steel  rail,  made  at  the  steel  foundries 
of  MM.  Schneider  &  Co.  at  Creuzot,  was  exhibited  by  the 
cte  Western  Railway  Company  of  France  upon  the  Oalerie 
la  Bourdonnayen  an  annex  to  the  French  section.  This 
rail  had  been  in  use,  according  to  the  certificate  of  the  en- 
^Life  oi  a  s^i  ginecr  of  the  railway  company,  for  eighteen  years,  an^ 

256,Q!00  trains  had  passed  over  it  in  that  period.  The  rail 
had  only  been  used  upon  one  side,  and  that  was  not  y^^ 
half  worn  away.  It  was  in  an  excellent  state  of  preserva- 
tion, and  was  estimated  to  still  possess  an  exi)ectancy  of 
life,  under  liko  conditions  of  wear  and  tear  to  those  expe- 
rienced in  its  past  history,  of  at  least  twenty  years.  When 
Md  of  an  iron  it  is  remembered  that  the  average  life  of  the  iron  rail,  under 

circumstances  much  more  favorable  to  longevity  than  those 
just  mentioned,  is  less  than  seven  years,  the  force  of  this 
example  will  be  realized. 


RAILWAY   APPARATUS:    COMMISSIONER   ANDERSON.  421 


RAILWAYS  AND  EAILWAY  APPARATUS. 

As  there  is  no  part  of  the  world  where  raikoads  have  been  ^e^n  ^Jo  5St 
such  an  important  agency  in  material  development  as  in  the  ^^  stutc* 
United  States,  so  it  is  gratifying  to  observe  that  nowhere 
8lse  has  there  been  greater  progress  in  the  art  of  railway  tt^"«»J  ^^  o*^«r 
construction  or  in  the  business  of  railway  administration 
md  management. 

Ot  the  185,000  miles  of  completed  railways  in  the  world  ^^£^»^»"'^»^« 
in  1878,  nearly  one-half  are  in  the  United  States.    Having 
reference  to  territorial  areas,  this  preponderance  is  very  theUiKtSistatcs! 
great,  but  as  compared  with  populations  it  is  enormous. 

With  vast  regions  urgently  demanding  the  speedj^  con-  ^]^£^iKkSig 
traction  of  new  roads  as  the  line  of  civilization  has  moved  civuSSi^*"*  ^° 
cross  the  continent,  with  the  needs  of  the  older  settled  i)or- 
lons  of  the  country  not  by  any  means  fully  supplied,  and 
rith  that  impatience  of  delay  and  eagerness  of  enterprise 
rhich  are  characteristic  of  the  American  people,  it  is  not  sur- 
•rising  that  there  should  be  much  that  is  crude  and  super-  crudenSToftS 
cial  in  many  of  the  railway  works  of  this  countiy.    But^^^"  ''i^ttlfi 
rhen  we  consider  the  relative  cost  of  construction,  the  wants  country. 
»f  a  comparatively  new  and  partially  developed  country,  and 
he  nature  of  the  means  available  for  railway  construction, 
t  will  be  found  that  American  railroads,  in  the  condition  of 
iieir  permanent  ways  and  of  their  rolling  stock,  in  their  sys-  a,£5S£JJJJion."^ 
terns  of  administration,  and  in  their  efficiency,  will  compare 
favorably  with  those  of  any  other  country.     In  many  re- 
gards they  would  not  be  so  well  suited  to  the  countries  and 
populations  of  Europe  as  the  practice  of  railroad  construc- 
tion and  management  now  usually  prevailing  in  those  coun- 
tries.   Indeed,  the  characteristics,  social  relations,  and  the  taSc? an3*^habitS 
wants  of  the  people  and  needs  of  this  country  are  so  differ-  S^I^Euro^Ili 
ent  from  those  of  European  nations  that  it  is  difficult  fairly  p^op^*""- 
to  contrast  the  European  railway  systems  with  the  Ameri- 
can.   Particulars  in  which  theirs  would  not  be  at  all  adapted 
to  this  country  render  them  all  the  better  suited  to  the 
ueeds  of  transatlantic  populations. 

There  are  some  things  in  the  Eui'opeau  railway  practice         inferiority 

of         European 

frhjch  strike  an  American  as  inferior  in  convenience  to  the  arranffemcnta  for 
[)ractice  adopted  in  the  United  States,  particularly  their  scngen  and  So^- 


urangements  for  the  movement  of  passengers  and  their  lug-  ^^^' 
yage.     In  Europe  there  is  frequently  a  want  of  co-operation 
between  different  railway  companies  in  the  arrangement  of 
uhrongb  tickets  over  connecting  lines  owned  by  distinct  com-  thS?agh^.*db2ck^ 
panies,  and  the  simple  and  convenient  system  of  through- *"«*^8g«fie. 
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checking  baggage  prevailing  in  this  country  is  almost  whoUy 
unknown. 
Arraxiffemoiit     There  are  other  striking  particulars  in  which  the  practice 

and  ^(Shes!  ^^^"  of  European  railways,  their  management  of  trains,  their 

plans  and  arrangement  of  cars  and  coaches  differ  from  the 
American  railway  system;  but  these  are  only  different,  and 
often  equally  good,  modes  for  reaching  the  same  results 
which  are  obtained  in  America  by  other  and  not  superior 

partmentl^  ^™  mcthods.    Their  subdivision  of  their  passenger  coaches  into 

coi(p&j  or  sectional  compartments,  each  seating  six,  eight, 
or  ten  persons  when  full,  and  having  no  means  of  direct 
communication  with  each  other  or  with  the  other  cars  of  the 
Ketiring  rooms,  train ;  their  provision  of  retiring  rooms  at  their  stations, 
instead  of  having  any  such  conveniences  upon  ordinary  pas- 
senger and  express  trains,  which  appear  at  first  awkward 
and  inconvenient  to  persons  accustomed  to  the  American 
The  European  systcm,  are  uot  without  their  advantages.    Their  system  of 

"  guard    aa  com-    *'  '  «=»  v 

pared  with  the  guards  upou  passcugcr  trains,  who  do  not  control  the  move- 
ductor."      ^  ^'  ments  of  the  train,  their  i>osition  being  quite  inferior  to  that 

of  the  American  railway  conductor;  of  managing  their 
tr^Mb*^ riSS?^*^®  ^y  telegraphic  signals  from  the  principal  stations,  as 

is  the  case  upon  some  lines ;  of  always  requiring  a  passenger 
purchMle  SrticS  ^  bave  a  ticket  before  allowing  him  to  go  upon  a  train,  and  of 
eto.  never  allowing  a  fare  to  be  paid  ui>on  the  train,  possess  some 

advantages  over  ours.    When  we  consider  the  character  of 

the  respective  populations ;  the  effects  of  class  distinctions, 

everywhere  so  marked  and  so  recognized  in  the  Old  World; 

Reasons  for  the  the  d^usitv  of  European  populations  and  the  comparative 

mainteiumco     of  ••.**  C        n    t^ 

different      ays-  shortuess  of  joumcy  s,  many  of  the  objections  which  at  first 

suggest  themselves  to  the  arrangements  adopted  upon  Eq* 
ropean  railways  disappear. 
Great  precision     There  Certainly  is  much  to  admire  in  the  wonderful  sys- 

and  safety  of  the  *'  .. 

Enropeon  admin-  tem  and  exactucss  With  wMch  hundreds  of  trains  are  daily 

moved  upon  the  net- work  of  railroads  in  the  vicinity  of  their 
chief  cities.  In  these  vast  centers  of  dense  i)opulation  and 
enormous  traffic  the  movement  of  trains  and  the  transpor- 
tation of  passengers  and  freight  are  conducted  without  col- 
lision or  confusion,  with  the  regularity  and  precision  of 
clock-work. 
Subatantiaiand     In  the  couvenieut  arrangement  and  substantial  construe- 

convenient      de-  ^  ^       A 

pots.  tion  of  depots  and  depot  buildings  the  Continental  ana 

British  railways  are  generally  abreast  of  the  very  best  prac- 
tice of  the  strongest  and  best-managed  railroads  of  this 
Provisions  for  couutry.    lu  the  regard  shown  for  human  life,  the  provision 
S*^stotioM  ^d  made  at  stations  for  crossing  the  tracks  by  bridges  above 
crossings.  ^^  archcd  ways  below  the  roadway ;  in  the  facilities  pro* 
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rided  for  imparting  to  travelers  trustworthy  informatioii  »s  ^J^^*jj^:^j^^ 
to  routes  and  trains,  and  the  courtesy  of  the  railway  guards  »««» of  omciau. 
and  officials,  some  of  the  European  lines  set  examples  which 
it  would  be  well  for  all  railroad  companies  to  imitate. 

The  general  practice  of  European  i*ailways  was  illustrated  i^jijiSS^iS^pSris* 
it  Paris  by  exhibits  from  France,  Austria-Hungary,  Great 
Britain,  Belgium,  Sweden,  Italy,  and  Switzerland.  There 
^ere  exhibits  from  other  countries  than  these,  but  none 
>thers  which  could  be  considered  at  all  representative.  It 
B  to  be  regretted  that  the  German  Empire  was  not  repre-  Germany  not 
sented  at  all,  for  it  is  probable  that  the  art  of  railway  con- 
struction, equipment,  and  management  has  been  brought 
to  a  higher  degree  of  excellence  in  that  great  country  than 
Einy  where  else  upon  the  continent  of  Europe. 

France.  Austria,  and  Great  Britain  have  been  selected  as    Review  wm  be 

confined    to  the 

the  countries  whose  railway  system  and  practice  will  be  miway  systems 
briefly  reviewed  in  this  paper.  The  exhibits  at  Paris  from  ^  imd^'Gr^t 
Belgium,  Sweden,  Italy,  and  Switzerland  were  all  verj^  in- 
viting and  creditable  to  the  mechanical  and  engineering 
skill  of  those  countries,  and  indicate  a  decided  and  healthy 
advance  in  the  field  of  railway  construction.  It  would  be 
impossible,  however,  in  the  limits  of  this  report,  to  do  full  jus- 
tice to  all,  or  indeed  to  any  one,  of  the  nations  represented ; 
and  this  review,  which  must  necessarily  be,  to  a  great  extent, 
partial,  will  be  confined  to  the  railways  and  railway  appli- 
ancesTof  the  three  countries  mentioned,  those  of  France  and 
Austria  being  selected  as  representing  the  prevailing,  and 
those  of  Great  Britain  the  most  advanced,  types  of  Euro- 
pean railway  machinery  and  construction. 

FRANCE.  FBAKCK. 


The  French  railway  system  dates  its  growth  from  the  year  commcDcement 
840.    It  was  first  proposed  to  make  all  the  roads  the  prop-  iW*"^*^* 
>rty  of  the  state,  but  by  law  of  June,  1842,  it  was  deter-    Law  of  i842. 
[lined  that  the  work  should  be  left  to  private  enterprise, 
lupervised  and,  in  proper  cases,  aided  by  the  government. 
Che  whole  of  the  railroads  of  France  were  classed  under     ciassmcatiou 
:;wo  divisions,  the  ancien  r&eaUj  old  net-work,  and  nou- 
?eau  riseauj  new  net-work.    The  old  system  embraced  the 
^reat  trunk  lines,  which,  as  indicated,  were  the  first  built,  f^^^^*"^*"^ 
xnd  the  new  system  the  lines  constructed  generally  as  feed- 
ers to  the  trunk  lines.    These  latter  were  often  built  rather 
fi-om  considerations  of  public  utility  than  from  any  expecta- 
tion of  dividends  upon  the  money  invested  in  their  construc- 
tion.   The  roads  of  this  latter  class  were  aided  by  a  govern-  SubvonUonsfor 

the  latter  class. 

ment  subvention  in  the  shape  of  a  guarantee  of  4  per  cent. 
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f^^^cE.      interest,  with  0.65  per  cent,  additioualper  annnm,  as  a  sink.  ^ 
ing  fund  for  the  extingaishment  of  the  principal  sum  ii^^ 
vested. 

Fronch^J^ways     '^^^^^  ^^^  23,895  kilometeTS  (about  15,000  miles)  of  coi 
in  1878.  pleted  railway  in  France  in  1878,  an  increase  of  8,000  mill 

since  1866.    In  1875  there  were  12,400  miles  completed.    Tk^, 
Receipts  for  1878.  ^j^i  gross  rcccipts  of  all  the  railway  companies  of  France 

that  year  were  $162,847,105.  The  average  receipts  per  m  | 
for  that  year  were  $13,132.  Maximum  receipts  per  mll^^ 
those  of  the  Northern  Eailway  Company,  "old  net- wort, ^ 
were  $30,032 ;  and  the  minimum  receipts  (on  some  of  tlm^ 
minor  roads  of  the  "new  net- work")  were  for  the  same  ycrm  * 
less  than  $1,300.  These  returns  present  a  view  of  a  veErU 
well-conducted,  steadily  increasing,  and  fairly  remunerative^  ^ 
traffic. 

The  railway  rolling  stock  and  fixtures  of  the  French  rai^^' 
way  companies  have  about  kept  pace  with  the  extension  c^^^^ 
the  lines  of  old  roads  and  the  construction  of  new  lines. 
Increased  ex-     Siucc  1866,  notwithstanding  the  losses  occasioned  by  th^^^ 
ami  roUinp-stock  war  with  Germany,  the  general  railway  system  of  Franc^^^ 
^^^^  has  been  increased,  exclusive  of  Alsace  and  Lorraine,  aboiE::===^^ 

64  per  cent.    The  increase  in  the  number  of  locomotives  hi 
been  54  per  cent.,  in  the  number  of  passenger  cars  41j^ 
cent.,  and  in  the  number  of  freight,  platform,  and  coi 
struction  cars  69  per  cent. 
Nature  of  the     The  principal  improvements  to  be  observed  in  the  co 

improvements  in  f  r  r 

way  and  plant,    structiou  of  the  permanent  way  of  the  French  roads  are 

substitution  of  steel  rails  for  iron ;  the  general  introducti« 
of  fish -bars;  the  use  of  cross- ties  which  have  been  treafc-^^xi 
with  creosote,  sulphate  of  copper,  or  some  of  the  other  p^^ro- 
cesses  for  preserving  them  from  decay.  Experiments  ha^kre 
also  been  made  by  some  of  the  companies  in  the  use  of  me^Kial- 
lie  cross  lies  with  some  promise  of  success.  Progress  in  ^•be 
following  particulars  is  also  worthy  of  mention : 
Biock^ystem     (1)  The  introduction  of  improved  systems  of  signalm^ng, 

rnnning trains,    by  a  Combination  of  the  "  block"  with  the  telegraphic   sys- 
tem of  signals,  so  that  the  movement  of  the  switches  by  an 
automatic  arrangement  will  necessarily  corresiK)nd  to  the 
signals  given. 

(2)  The  general  use  of  the  block  system  upon  the  fre- 
quented sections  of  the  roads. 

Electric  signals.     (3)  The  usc  of  elcctricity  in  maneuvering  the  diWerent 

signals. 
Improved  bai-     (4)  The  general  introduction  of  a  better  and  more  thor- 
ough system  of  ballasting  their  roads. 


1- 
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The  chief  points  of  progress  in  locomotive  constmction      '^^c- 


(1)  The  £:eneral  use  of  heavier  and  more  powerful  engines   nicreageinaizo 

,M  «  ""d  power  of  lo- 

Qan  those  formerly  used,  having  4  wheels  coupled,  of  large  comouvea. 
Hameter;  designed  especially  for  express  and  fast  passen- 
ger trains. 

(2)  The  substitution  of  steel  for  iron  in  a  great  number  of  ^^^"j^JJ^jf^J^  ^ 
h.«  parts  of  the  engine.  engines. 

(3)  The  use  of  the  waste  steam.  ^^^  «f  '^"•^ 

(4)  The  improved  arrangement  of  the  fire-grate  and  fire-  Economyoffuei. 
K>x  for  the  economical  use  of  the  various  kinds  of  fuel. 

In  the  conslruction  of  passenger  coaches  there  have  been    EniHrgementof 

,        .  ,  ■     /.    ,  1   *°^   increaae  of 

tnportant  improvements  in  the  enlargement  of  the  space  al-  comfort  in  pas- 

sender  coftches 

otted  to  each  passenger,  in  the  provision  made  for  the  com-  •  ** 
cirt  of  passengers  upon  the  journey,  in  the  furniture  of  the 
^>aches,  and  in  the   mode  of  suspending  them  upon  the 
uniiing  gear. 

"  Sleeping-cars"  have  been  introduced  upon  some  of  the  sieeping-cars. 
ines.  A  marked  improvement,  as  yet  but  limited  in  the 
extent  of  its  introduction,  is  to  be  noted  in  the  arrange- 
nents  for  warming  coaches  of  all  classes.  Nevertheless,  the  Carwarming. 
jx>ablesome  and  exceedingly  inefficient  method  of  warming 
be  cars  by  pans  of  hot  water  is  still,  strange  to  say,  re- 
Dained  upon  nearly  all  of  tlie  trains,  and  upon  all  of  the 
lines  of  French  railways. 

Iron  is  being  largely  substituted  for  wood  in  the  construe-    Substitution  of 
tion  of  freight  cars  and  of  the  frames  of  passenger  coaches.  o«i«.  ^^  "*° 

Cross-ties.  Crotstie*. 

General  dimensions  on  all  roads  of  standard  gage :  Length ,  Dimensions. 
9';  width,  8";  thickness,  G''.  They  are  frequently  sub- 
jecteil  to  some  one  of  the  many  patent  processes  for  pre- 
serving them  from  decay.  Oak,  beech,  fir,  and  pine  are  Material, 
used.  The  last  three  are  the  varieties  subjected  to  the  pre- 
serving process.  Creosote,  sulphate  of  copper,  and  bichlo-  PreservatiTes. 
ride  of  zinc  are  some  of  the  preservative  preparations  in 
use — creosote  and  sulphate  of  copper  by  the  pneumatic 
process,  bichloride  of  zinc  by  pressure  prolonged  for  a  con- 
«idei*able  time.  At  the  Oalerie  de  la  BourdonnayCj  upon 
the  Champ  de  Mars^  there  were  exhibited  a  number  of  pine 
trosB  ties  which  had  been  treated  with  creosote,  and  which 
lad  been  in  actual  use  upon  the  Southern  Eailway  of  France 
or  periods  ranging  from  eight  to  twenty  years,  and  another 
ot  which,  after  being  treated  with  sulphate  of  copper,  had 
3een  used  for  fifteen  years ;  and  pine  telegraph  poles,  which, 
^fter  being  subjected  to  a  like  treatment,  had  been  used  from 
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r^^^^      twenty  to  twenty-flve  years.   All  of  these  were  still  in  a  per- 
fect state  of  preservation. 


Spiket, 


Spikes. 


screw-spikea.      The  method  at  present  generally  adopted  for  fastening 

down  the  rails  is  by  the  screw-spike,  a  hole  being  first 

^rityofdriven  bored  in  the  wood.    It  is  rare  that  the  driven  spike  is 

spikes. 

substituted  for  the  screw,  though  this  is  done  ui>on  the 
lines  of  the  Northern  and  Eastern  Bail  way  Companies  o 
France.    To  insure  the  careful  screwing  of  the  screwspik 
a  projecting  point  is  provided  upon  the  head  of  the  spi 
to  act  as  a  ^^  tell-tale  "  should  the  workmen  strike  it  with  - 
hammer  in  order  to  drive  it  home. 


Fish^jointa. 


AxUi. 


Msh-joints. 

Fish-joints  are  generally  used  in  France,  as  elsewhere       i^ 
Europe,  whenever  the  shape  of  the  rail  will  admit.    Fc^^|{|. 
bolts  are  used  to  each  joint.    The  nuts  are  sometimes  h<i^3/(f 
in  place  by  keys  through  the  end  of  the  bolt,  but  usn^^j 
two  nuts  to  each  bolt  are  preferred. 

Axles. 


axles. 


Though  these  would  be  perhaps  more  appropriately  coq. 
sidered  in  another  connection,  they  will  for  convenience  be 
^jj^^U®**'^^  noticed  here.    The  French  specifications,  as  enforced  by 
~~'  most  companies,  require  the  axles  to  be  of  charcoal  wrought 

iron.  The  pile  is  made  of  puddled  blooms,  and  the  greatest 
care  is  observed  in  the  several  processes  adopted  in  forging 
the  axle  from  these  blooms.  When  finished  each  axle  is 
subjected  to  a  severe  test  It  is  placed  upon  supports  and 
subjected  to  blows  of  a  block  weighing  800  lbs.  falling  from 
a  height  of  15'  upon  the  middle  of  the  axle;  the  blows  to  ^ 
be  repeated  until  the  axle  takes  a  set  of  0.98'  between  the 
supports,  which  latter  are  about  4.6'  apart  The  axle  is 
to  be  then  straightened  and  show  no  cracks. 


Teste. 


f 


M.  Vlllevcrt. 


M.  Villevert,  the  French  engineer  and  railway  constractcf 
in  a  recent  essay  upon  the  subject  of  cheap  railways,  stalf 
that  the  experience  of  France  in  the  matter  of  railway  f 
velopment  has  shown  that  each  mile  of  railway  exploited 
that  country  has  resulted  in  an  annual  increase  of  the  g 
Denefiu  con-  emmcnt  revenues  from  the  country  traversed  of  $250,  f 
i^trmltion  of  muiin  a  saviug  in  the  cost  of  tra^nsportation  of  $2,500  pef 
ways  in  Prance.  ^^^  ^  ^^^  ^^^^  through  which  the  road  is  built 
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The  railways  of  France  give  employment  to  nearly  183,000      riuxcK. 
persons,  inclading  all  grades  of  the  service,  or  aboat  12.6    Number  of  ndi. 
employes  for  each  mile  of  railway  in  operation.    As  com-  vtL^^  ^  * 
pared  with  England  and  Prussia,  the  number  of  persons  n,{]^^^^^|!!L^^ 
in  the  service  of  the  railway  companies  in  France  is  ^^^^^     ^^s- 
follows :  In  France,  12.6  per  mile ;  in  Prussia,  11.6  per  mile; 
and  in  England,  12J.  pei*  mile. 

Theseemploy^  are  distributed  amoug  the  difterent depart-    iMatribation  of 
meuts  of  the  French  railway  service  as  follows :  Adminis-  *™^  °^ 
tration,  2  per  cent. ;  repair  and  construction  of  road,  30  per 
cent. ;  repair  and  construction  of  rolling  stock  and  locomo- 
tives, 31  per  cent. ;  movement  of  trains,  37  per  cent. 

The  mean  velocity  of  passenger  trains  in  France  is  re-  Speed  of  trains. 
X>orted  as  being  32  miles  an  hour  at  full  speed ;  the  velocity 
of  the  various  classes  ot  trains  under  full  speed  being  as 
follows : 

Express  trains,  37  to  46  miles  per  hour;  ordinary  trains, 
30  to  37  miles  per  hour ;  mixed  trains,  23  to  31  miles  per 
hour;  freight  trains,  11  to  15^  miles  per  hour. 

AUSTBIA-HUX 

AUSTRIA-HUNGARY.  oabt. 


The  railway  system  of  Austria  proper  embraced  on  the  Extent  of  rau 
Ist  of  January.  1878, 6,962  miles  of  completed  railway;  that^*^*' 
of  Hungary,  4,184  miles;  or  11,146  in  both  together,  or  1 
mile  of  railroad  for  every  22  miles  of  territorial  area.  The 
quantity  of  railway  material  needed  for  these  lines,  without 
reference  to  the  wants  of  projected  roads,  is  cousiderable ; 
but  since  the  general  depression  which  has  affected  inju- 
rioosly  all  branches  of  business  in  Austria-Hungary,  as  else- 
where, production  has  been  limited  to  what  was  indispens- 
able. 

In  the  maintenance  of  the  permanent  way,  supplying  Peimanentway 
rails  and  cross-ties,  the  domestic  product  is  reported  to  have  mestio  sources. 
been  latterly  entirely  sufficient  for  the  wants  of  the  roads ; 
and  the  Austrian  and  Hungarian  railway  companies  seem 
to  have  attained  a  condition  of  independence  in  the  matter 
f>f  producing  at  home  nearly  everything  needed  for  the 
building  or  working  of  their  lines.  The  improvement  in 
this  regard  has  been  marked  in  the  last  few  years.    The  im-    Decrease  of  im- 

norts  oi  rftilwav 

portation  of  railway  material  into  the  country  was  in  1872  material. 
65,000  tons;  while  in  1876  the  exportations  exceeded  im-  Exportsinisie. 
ports  by  1,700  tons.    The  excellence  and  cheapness  of  the 
product  of  cross-ties  from  the  Austrian  forests  have  pre- 
vented any  importation  of  material  of  that  description. 

The  product  of  rails  was  in  1870  105,277  tons,  since  which     Production  of 
time  there  has  been  some  diminution ;  but,  by  reason  of  the 
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'^"*™^;»^-    introduction  of  Bessemer  steel,  the  marked  improvemen 

quality  has  largely  compensated  for  the  £Eilling  off  in  qi 

^l^nufjMjtureof  tity.    Eails  are  manufactured  in  the  provinces  of  Lo 

Austria,  Styria,  Cannthia,  Bohemia,  Moravia,  and  Sil( 
of  rouSIg*S^kf*     There  are  some  large  establishments  in  Austria  for 

manufacture  of  rolling  stock,  passenger  and  freight  ca 
at  Vienna;  Simmeriog;  Hemal,  in  Lower  Austria;  i 
chow,  near  Prague ;  and  Holoubkau,  in  Bohemia — ha^ 
an  annual  capacity  of  6,000  cars  of  all  kinds ;  but  since 
general  prostration  of  business  these  works  have  lar{ 
curtailed  their  operations. 
increaae.1  ac-     Thcsc  establishments  have  built  up  a  considerable  fore 

tmty    ADu     ex-  * 

pons.  market  for  their  products  since  the  decline  of  the  home 

mand,  and  the  importation  of  railway  rolling  material  i 
Austria  has  almost  wholly  ceased.     In  1875  the  exp( 
were  2,373  cars,  and  in  1876  1,100  cars ;  in  1872  the  imp( 
were  3,154  cars,  and  in  1876  48  cars! 
Locomotive     The  mauufacturc  of  locomotives  is  chieflv  concentra 

manufactories  in  ** 

1875.  at  Vienna.    In  1875  there  were  5  manufactories  in  Aust 

which  turned  out  214  locomotives  and  191  tenders.    In  1 

jg^roduction  in  only  3  of  thcsc  coutinucd  in  operation,  and  they  produ 

only  50  locomotives  and  26  tenders.    The  rolling  stool 

of  ^itrian  nSi^  ^^strian  railways  of  standard  gage  in  1877  comprised  2, 

ways  in  1877.      locomotivcs,  2,118  tcudcrs,  275  snow-plows,  5,113  passer 

cars,  and  54,901  freight  and  other  cars. 

r.RKAT  BRITAIN.  GREAT  BRITAIN. 


Great  progress     The  progress  iu  railway  construction  in  Great  Britain  i 

anaimpruvement  *.       ^  v 

ofiate years.      ing  the  past  tcu  ycars  has  been  very  marked;  and  the 

provement  in  the  character  of  the  i)ermanent  way,  as  ' 
as  in  rolling  material  and  locomotives,  hat)  been  very  imj 
tant  and  very  valuable.  The  advance  in  the  mode  and  n 
ner  of  construction,  and  in  the  character  of  materials  ni 
has  perhaps  kept  pace  with  the  increase  in  the  numbe 
miles  of  completed  roads,  the  capital  invested  in  this  busin 
and  the  vast  increase  in  the  business  transacted  by  the  : 
roads  of  the  United  Kingdom.  These  have  been  very  la 
as  will  appear  from  the  following  tabulated  statement,  ta 
from  the  reports  of  the  Board  of  Trade,  and  giving,  at 
tervals  fipom  1854  to  1877,  a  view  of  the  extent  and  cl 
acter  of  the  operations  of  the  railway  system  of  Great  B 
ain  and  Ireland. 
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GBBAT  BBiTADi.      ^t  the  cod  of  1871  the  total  average  cost  of  all  the  rail- 
ways  of  the  United  Kingdom  was  $174,000  per  mile.    In 

permul"***^*^^^^  ^^  ^®  onormous  sums  of  money  expended  in  the  con- 

stmction  of  the  railroads  of  Great  Britain  and  Ireland,  the 

fact  that  their  net  earnings  for  the  past  eighteen  years  have 

eanS^^**to^capi*yicW^  n^or©  than  4.26  per  centum  per  annum  upon  the 

ui  invested.       wholc  amouut  of  Capital  invested,  gives  some  idea  of  the 

immensity  of  their  traffic,  and  of  the  prudence,  economy, 
skill,  and  faithfulness  of  the  management  which  combin< 
to  produce  such  results. 

iii^btttiS]M°<»r.     ^^®  ^^  ^^®  larger  items  in  the  cost  of  British  railroad«_^ 

poraterighSj.     i,as  becu  the  cxpeuse  incuxTcd  in  obtaining  fromParliamen j 

acts  of  incorporation,  with  authority  to  condemn  land  fc^^i* 
Right  of  way.  the  ncccssary  purposcs  of  the  companies.    The  "right  Ci^ii^f 
way''  has  also  been  a  much  larger  element  of  first  cost  ths^^^i 

actcro?thc wort*  ^^  ^^^  Other  couutry.     But  the  durable  and  thorou^^l^ 

manner  in  which  the  English  roads  are  built,  the  superl^^^^. 
character  of  the  superstructure  and  the  equipment,  rendei^^^ 
a  very  large  outlay  necessary. 

trainsT^^**^**^  **^     ^^®  vclocity  at  which  passenger  trains  are  run  is  grea^ter 

upon  the  English  roads  than  in  any  other  country  in  t:!)e 
world.    The  mean  speed  of  passenger  trains  is  reported  at 
40  miles  an  hour  when  running  at  full  speed.    The  velocify 
of  fast  and  express  trains  is  much  greater,  in  some  cases 
attaining  a  maximum  speed  of  70  miles  an  hour. 

^Bau^exhibUi  RAILWAY  EXHIBITS  AT  PARIS. 

With  this  glance  at  the  railway  systems  of  the  countri^^^ 
of  Europe  which  have  been  selected  as  fairly  representatir^^ 
of  European  railway  progress,  I  will  now  briefly  revie^^ 
those  exhibits  in  the  more  important  classes  of  railwiu^^^^ 
material  and  rolling  stock  which  appeared  to  most  fairl 
illustrate  the  best  practice  and  the  most  advanced  types 
machinery  and  methods  of  construction  prevailing  in 
principal  countries  of  Europe  represented  at  the  Expositioi 
Divirionsofthe     In  the  treatment  of  the  subject  the  following  genei 
order  will  be  observed : 

(1)  Locomotives; 

(2)  Railway  rolling  stock  ; 

(3)  Narrow-ga^je  railways^  tramwa/ySj  and  cars;  and 

(4)  ^sterns  of  brakes  and  signaling  apparatus. 


of  the  i?enche!S     The  i^eprescntatiou  of  French  locomotives,  rolling  stooA'^ 
hibit.  and  railway  material  at  the  Pads  Exposition  was,  as  w^^ 

to  have  been  expected,  much  fuller  and  more  complete  thaa 
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iat  of  any  other  country,  and  afforded  a  fair  opportanity  o^Jj?J''******' 

c>r  studying  the  appliances  and  modes  of  construction 

dopted  by  the  French  railway  companies.    It  may  be 

bated  generally,  and  without  qualification,  that  the  collec- 

ion  of  railway  exhibits  contributed  by  the  railway  com- 

anies  and  manufacturers  of  that  country  gave  evidence  of  ,  Excellence  of 

^  ®  the    French    ex- 

very  high  degree  of  skill  and  excellence  on  the  part  of  the  hibits. 
Dgineers  and  artisans  of  the  French  nation. 

It  is  proper  here  to  remark,  however,  that  the  difficulty 
Kperienced  in  some  quarters  in  obtaining  particulars  and 
ata  necessary  to  a  thorough  understanding  of  some  of  the 
lost  interesting  machines  and  appliances  among  the  rail- 
way exhibits  in  the  French  section  was  found  very  embar- 
assing  in  the  prosecution  of  the  work  to  which  the  writer 
ras  assigned.  The  channels  of  trustworthy  information  in 
egard  to  many  of  these  exhibits  seemed  to  be  guarded 
nth  a  singular  jealousy ;  and  while  there  was  no  lack  of 
curtesy  on  the  part  of  the  officials  and  agents  in  charge, 
there  was  sometimes  a  reserve  and  apparent  reluctance  in 
communicating  special  information  desired,  which  rendered 
impracticable  a  ftdl  and  just  criticism  of  certain  interesting 
3xhibits.  There  were  a  number  of  marked  exceptions  to 
his,  and  among  them  I  desire  to  acknowledge  kind  atten-  Acicnowiedg- 
ion  and  full  responses  to  inquiries  from  the  officers  in 
liarge  of  the  splendid  collection  of  exhibits  of  the  Western 
^aolwaj'  Company  of  France,  and  particularly  from  M.  De-  M.Deiautro. 
rtstre,  director,  and  M.  E.  Mayer,  engineer-in-chief  of  the  m.k  Mayer. 
>lling-8tock  department  of  that  company,  and  to  M.  Mar-  m.  a.  Mariier. 
^T,  secretary  of  the  executive  committee  of  the  "Inter- 
^tional  Congress  for  the  Amelioration  of  the  Means  of 
^t^ansport.'' 


LocomoHvtM. 

FBANCE. 


FRENCH  LOCOMOTIVES, 

The  French  section  contained  far  the  largest  number  and 
be  greatest  variety  of  railway  machines,  apparatus,  and 
:xtures,  and  these  were  probably  fair  exponents  of  the 
est  practice  of  that  country.    The  locomotives  exhibited 
>y  the  French  railway  companies  and  manufacturers  were 
bout  half  of  the  whole  number  exhibited  at  Paris.    They   Hf^thooxhib- 
rere  many  of  them  machines  which  had  been  in  the  actual 
Brvice  of  the  French  roads,  and  nearly  all  represented 
jf'pes  in  ordinary  use  upon  those  lines.    All  were  remark- 
ble  for  the  wonderful  perfection  and  finish  of  the  work-   RemarkaWeex. 
lansbip  and  the  excellence  of  the  materials  used  in  their  ^ 
mstruction. 
AmoDg  the  most  admirable  of  these  exhibits  were  those 
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presented  by  the  Western  Railway  Company  of  France. 
I  noticed,  among  others,  a  very  fine  locomotive  and  tender, 
moti^^^^  '*^  ^^^^  ^  wheels,  of  which  4  were  coupled.    Its  machinery  is 

so  arranged  that  it  may  Ue  propelled  indifferently  either 

th^eStemSiS^^*^^^^      ^^  forward.    The  general  plan  of  the  machine  is 
way  Co.  indicated  in  Plate  I.    The  locomotive  is  reversed  by  a  screw- 

piato  T.  brake,  worked  by  the  waste  steam.    The  regulator  is  upon 

the  outside  of  the  dome,  at  the  outlet  of  the  steam-pii>e. 

The  packing  of  the  piston-rods,  the  cylinders,  and  the 
regulator  is  metallic,  and  of  the  system  ^^  Duterne.^  The 
boilers  are  supplied  by  the  aid  of  two  suction-injectors  of 
the  system  "Turck.^ 

The  bunkers  for  coal  and  the  tanks  for  water  are  aboat 
equal  in  capacity  to  those  of  an  ordinary  tender,  the  latter 
holding,  when  full,  1,430  gallons  of  water.  The  locomotire 
has  been  so  constructed  that  the  load  is  very  uniformly  dis- 
tributed over  the  several  axles,  that  upon  the  leading  and 
trailing  axles  being  nearly  equal,  as  are  also  the  loads  upon 
each  of  the  two  coupled  axles,  when  the  tanks  and  bankers 
are  full,  half  full,  or  one-third  full. 

The  following  table  indicates  the  distribution  of  the  load 
in  the  three  cases : 


Deseription. 


/Hnlribution  of  weights^  in  pounds. 


DiHtribntion  of 
the  load. 

Leading 
axles. 

Driving 
axle. 

Bearing 
axle. 

Trailing 
axle. 

Totak 

Tanks,  etc.,  folly  charged 

Tanks,  etc..  hall  fall 

Tanks,  etc.,  one-third  fall 

21,600 
19, 175 
19,050 

27,160 
24,950 
24,250 

27,150 
24,840 
24,050 

22,000 
10,225 
18,350 

97,900 
88, 7W 
85,700 

Dimensions. 


The  following  are  the  principal  dimensions  of  this  loco- 
motive, given  in  meters : 

Table  of  dimensionB  and  other  particulars. 

Diameter  of  cylinders 0.420  met^ir. 

Stroke  of  pistons 0. 5G0  meter. 

Exterior  length  of  fire-box 1. 720  meters. 

Exterior  breadth  of  fire-box 1. 120  meters. 

T*    •     1       ^u    4f  A     ^        (above l.420meterB. 

Interior  lenctn  of  fire-box  <  ,    ,  -    .^^v 

"  (  belpw .  1. 470  meters. 

Interior  breadth  of  fire-box 0. 932  meter. 

ri  •  1.1.    !• /s     v        1.  X     (behind 1.000  meters. 

Height  of  fire-box  above  grate  <  .     -      ^  <  *rn      * 

**  ®  (  in  front 1.  ir)0  meters. 

Length  of  tnbes  between  the  plates 4. 000  meters. 

Number  of  tubea... • ^ 149 

Interior  diameter  of  tubes ; •..  0.045  meter. 

„     ..  t,        (  of  fire-box 6. 040  sq.  meters. 

Heatmg  Borfoce  j  ^j  ^^^^ 93.620*,.  n.eM« 
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g  surface 99. 660  sq.  meters.        fuakck. 

^e-grate 1.  Ji70  sq.  meters. 

'  water  in  boiler 2. 450  cu.  meters.     Description  of 

...,.,  -    __^  ,  locomotive        of 

steam  in  boiler   1. 550  en.  meters.  Wtniteni  Railway 

b1  (weight  in  furnace) 440  lbs.  ^**-    ^^^^^^ ' 

ater  In  tanks 6. 500  on.  meters. 

lel  in  bankers 3, 000  lbs. 

comotive  empty 72, 860  lbs. 

comotive  in  complete  working  order. .  97, 900  lbs. 

5. 100  meters. 

stem  Railway  Company  exhibited  other  very  Express  engine, 
specimens  of  their  locomotive  products,  among 
utiful  express  engine  built  for  this  company  by 

des  Batignolles,    This  locomotive  is  the  latest    Pi»te2. 
nt  of  a  type  introduced  about  1865,  when  the    Typeofisss. 
r  locomotives  of  two  axles,  coupled,  and  wheels  of 
eter,  with  interior  cylinders  and  exterior  distri- 

moving  express  trains,  came  to  be  considered 
.  These  engines  jwssess  the  maximum  traction 
ret  attained  by  the  Western  Railway  Company 
lotives  of  two  axles,  coupled,  and  a  tender  of  12 

exed  illustration,  Plate  2,  presents  an  outline    uimensions. 
is  locomotive.    The  dimensions  of  its  principal 
iven  below : 

e-grate 1.624  meters. 

•e-grate 1.078  meters. 

e-gratct 1. 750  sq.  motera. 

,         ,  ^     (  ii^  front 1. 170  meters. 

)-box  above  inrate  <  ,    , .    ,  ,  ^w^v 

**  (behind 1.020meter8. 

Ire-box 1.880  en.  meters. 

bes  between  plates 3. 850  metexs. 

leter  of  tnbes 0. 045  meter. 

ibes 156 

ice  of  tabes 94. 750  sq.  meters. 

ice  of  fire-box 7. 100  sq.  meters. 

I  surface 101. 450  sq.  meters. 

Br  of  boiler 1. 170  sq.  meters. 

plate 0. 014  sq.  meter. 

oiler  with  water  0.10  meters  above  top 

2. 800  cu.  meters. 

th  of  smoke-box  along  boiler  axis 0. 700  meter. 

iurement  of  smoke-box  across  axis  of 

1. 148  meters. 

eter  of  chimney 0.4*20  meter. 

tylinders 0. 420  meter. 

ons 0. 600  meter. 

les 3 

4. 400  meters. 

Iriving  and  bearing  wheels 1. 930  meters. 

eading  wheels 1.290  meters. 

R VOL  4 
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Prinmpal  dimensions  and  weights;  Creuzot  locomotive,  france. 

Weight  in  working  order 79, 000  lbs.  Schneider* 

Weight  empty 61, 500  lbs. 

Surface  of  grate l.TSsq.  meters. 

Heating  surface  of  fire-box 7. 400  sq.  meters. 

Heating  surface  of  tubes 82. 000  sq.  meters.     I>imen8ion9. 

Total  heating  surface 89. 400  sq.  meters. 

Diameter  of  cylinders 0. 400  meter. 

Stroke  of  pistons 0. 600  meter. 

Diameter  of  coupled  wheels 1. 610  meters. 

Diameter  of  leading  wheels 1. 210  meters. 

The  three  locomotives  exhibited  by  the  Paris,  Lyons,  and th^piSSr Ly^nl' 
Mediterranean  Eailway  Company  were  all  remarkable  for  ^  i^Swi®'^ 
faithful  and  finished  workmanship  and  the  skill  displayed 
in  their  constmction.    Like  nearly  all  the  locomotives  ex- 
hibited in  the  French  section  they  were  taken  from  the 
actaal  service  of  the  company,  and  represented  types  of 
which  there  are  a  number  of  each  kind  now  in  daily  use. 
The  business  of  this  line— the  artery  connecting  Paris  with 
the  Mediterranean  and  Italy — and  particularly  its  passenger  ^j^^  5  p?5wf!S 
traffic,  has  increased  so  rapidly  that  the  company  has  found  «»«^«»- 
it  necessary  largely  to  increase  the  tractive  capacity  of  its 
locomotives,  and  in  the  past  few  years  the  company  has 
built  a  number  of  machines  of  great  power  and  designed  to 
be  run  at  a  high  rate  of  speed. 

One  of  the  locomotives  mentioned  above,  a  i)owerful  pas-  ^^pilte  3.®° 
senger  engine,  exemplified  the  latest  practice  of  this  impor- 
tant company,  and  may  be  selected  as  an  excellent  example 
of  a  type  of  heavy  passenger  locomotive,  adapted  to  either 
way,  fast,  or  express  trains,  highly  appreciated  upon  the 
Ck>Dtinent. 

This  engine  has  been  recently  fully  described  in  the  pages  don^*®SSMer 
of  the  London  "  Engineering,'^  and  the  illustration  given  of  it  *»«•" 
in  Plate  3  and  most  of  the  particulars  here  mentioned  in 
^regard  to  it  are  used  by  the  courtesy  of  Mr.  William  H.  Maw,  wiiiiam  h.  Maw. 
one  of  the  editors  of  that  valuable  periodical. 

This  locomotive  was  made  at  the  shops  of  the  company  in  Beacription  of 
1877-^78,  and  is  one  of  60  of  the  same  type  built  in  the  J**®'*^®  *** 
last  few  years.  As  will  be  seen  from  the  illustration,  it  has 
S  wheels,  of  which  4  are  coupled ;  the  boiler  is  of  unusual 
length,  and  all  of  the  axles  are  under  it,  except  the  trailing 
axle,  which  is  under  the  fire-box;  the  cylinders  are  exterior 
and  of  large  capacity.    The  working  power  of  the  engine 
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under  the  different  conditions  stated  is  shown  by  t 
lowing  table : 


Paasenger    en- 

sinerof  theParifl, 
Lyons,  and  Medi- 
terranean    Rail-     ^.         .        -  *    i 
way  Co.    Plate  3.     Character  of  train. 


Power  and  ' 
speed  with  differ- 
ent    classes     of  Way. 

Fast. 


o 


CO 


trains. 


Description. 


Dimensions. 


Express 


MiUt. 
31 
37| 
44 


Wei;;ht  of  train^  exolosiye  of  engine  and 
drawn  on  the  gradients  given. 


LeveL 


Tont. 

388 
277 
208 


1  in  400. 

1  in  200. 

1  in  100. 

Tont. 

Tona. 

Ton». 

257 

187 

100 

189 

137 

78 

145 

105 

57 

The  leading  and  trailing  axle^  have  ea^h  a  separate 
for  each  axle-box ;  the  bearings  of  all  the  axles  are  : 
except  the  trailing  axle,  the  bearings  of  which  are  oi 
The  pistons  and  piston-rods  are  of  wrought  iron,  an< 
their  stuffing-boxes  fitted  with  metallic  packing,  ace 
to  the  system  known  as  "  Duteme's.'' 

The  engine  is  reversed  by  a  screw,  and  is  fitted  w 
Chatelier's  counter-pressure  apparatus,  pipes  for  adn 
a  mixture  of  steam  and  water  into  the  exhaust-pipet 
the  engine  is  reversed.  It  is  also  furnished  with  a  sas 
provided  "with  sand-valves  worked  from  the  foot-plate 
horizontal  stays  between  the  sides  of  the  casing  abo 
fire-box  crown  are  of  steel.  The  grate-bars  are  of  w: 
iron,  steeply  inclined,  except  in  front,  where  there  is  t 
movable  section  worked  by  a  gearing  so  arranged 
can  be  lowered  if  desired. 

There  is  a  horizontal  screen  arranged  in  the  smol 
just  above  the  level  of  the  tubes  so  as  to  stop  the  p 
of  cinders  and  sparks.    The  chimney  is  cylindrical  ai 
a  damper  at  the  top.    The  blast-nozzle  is  variable 
placed  rather  high. 

The  brake  is  applied  by  a  Delpech  double  screw,  de 
to  give  a  rapid  movement  to  the  blocks  until  they  are 
in  contact  with  the  wheels,  and  a  very  powerful  pi 
afterwards.    The  bi^ake-blocks  are  of  wood. 


Dimensittns  and  other  parHculan. 

Diameter  of  cylinders 

Stroke  of  pistons 

Diameter  of  conpled  wheels 

Diameter  of  leading  and  trailing  wheels 

Wheel  base  of  engine 

Mean  diameter  of  boiler 

Thickness  of  boiler-plate 

Number  of  tubes 

Length  between  tube-plates 


1 
2  ft. 
6  ft.  1 
4ft. 
18  ft. 
4  ft. 


16  ft. 


PASSENGER  LOCOl 


Fly./. 
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Inside  diameter  of  tabes 1.  Hlin.        prance. 

Outside  diameter  of  tubes 2.00  in. 

Length  of  fire-grate 6  ft.  11. 30  in.     Pa««enger   en 

Width  of  fire-grate 3  ft.    3. 80  in.  ^^^^^M^ditel 

infront 4  ft.    7.80  m.-f^^-^^-S 

at  back 2ft.  10.60  in. 

Volume  of  fire-box 86. 5  cu.  ft. 

Inside  diameter  of  smoke-stack 1  ft.    7. 70  in. 

Fire-grate  surface 23. 00  sq.  ft. 

XI     *•          -r       (fire-box 96.908q.fi. 

Heating  surface  ^  ^^^  ^^^^^^^^^ 1, 390. 00  sq.  ft. 

Total  heating  surface,  including  exterior  tube  surface .  1 ,  483. 90  sq.  ft. 

Sectional  area  through  tubes 2. 93  sq.  ft. 

Sectional  area  of  smoke-stack 2. 12  sq.  ft.     Diraeiiaionn. 

Ratio  of  fire-grate  area  to  heating  surface 1  :  64. 67 

Ratio  of  sectional  area  through  tubes  to  fire-grate  area  1 :    7. 86 

Ratio  of  sectional  area  of  chimney  to  fire-grate  area  .  1  :  10. 85 

Number  of  internal  diameters  in  length  of  tubes 107. 30 

Working  pressure  per  square  inch 128  lbs. 

Weight  of  locomotive  empty 40  tons     400  lbs. 

Weight  of  locomotive  in  working  order 43  tons  1, 900  lbs- 

Weight  of  fuel  carried  by  tender    4  tons. 

Water  carried  by  tender 2, 244  gals. 


LOCOMOTIVES  OF  AV STRIA  HUN Q ART. 


AUBTKIAHUN- 
'  OARV. 


There  were  4  locomotives  exhibited  in  the  section  of  Aus-  Locomotives. 
tria-Hungary — one  was  a  small  tank-locomotive  for  service 
in  the  mines ;  the  others  representatives  of  the  be^t  types 
adopted  by  the  Austrian  and  Hungarian  railway  companies. 
All  were  admirably  constructed,  and  both  in  design  and  ^x-^^^supcriorcon- 
ecution  exhibited  a  degree  of  skill  which  entitles  their  mak- 
ers to  rank  among  the  manufacturers  of  the  best  railway 
material  produced  upon  the  Continent.  The  collection  of 
exhibits  of  the  Austrian  State  Bailway  Company  was  one  * 

of  the  most  interesting  and  instructive  to  be  seen  at  Paris. 
Their  exhibits  comprised  designs  and  models  of  the  various  uiS^^-^*  ^^^ 
descriptions  of  railway  machinery,  fixtures,  and  appliances  ^««trianraUway 
actually  employed  in  the  service  of  the  company,  presenting 
in  an  attractive  form  a  full  and  satisfactory  view  of  Austrian 
railway  locomotive  practice. 

The  special  characteristic  of  the  locomotives  manufact-    Austrian  state 
ured  by  the  Austrian  State  Railway  Company  is  the  excel- 
lent arrangement  of  the  lire-box  and  fire-grate  for  the  pur- 
pose of  permitting  the  use  of  a  small  and  inferior  article  of  special  arrange- 

*  -"^  ^  raoDts  to  suit  in- 

fuel  supplied  by  the  coal  mines  of  Kir  Ino,  near  Prague, '^crior  fnoi. 
and  Hossnitz,  near  Vienna.  *  These  coals  are  very  inferior 
in  their  flame-producing  properties,  and  contain  a  large  i)er- 
centage  of  incombustible  constituents.    In  order  to  produce 
better  results  they  are  mixed  with  small  coal  from  the  Stey- 


438  UNIVERSAL   EXPOSITION   AT   PARIS,    1878. 

AusTRiAHUN-   erdopf  mines,  the  latter  and  the  coals  from  Kladno 

usually  mixed  with  a  small  percentage  of  lump  coal,    TW^jj 

LocomotivM  of  small  coals  from  Kladno  are  very  indifferent  in  quality,  gi   —-^^ 
rSw^co.^****  a  short  flame,  coke  with  difficulty,  and  contain  a  little  s^^^. 

phur  and  20  per  cent,  of  cinders  and  stone.    The  B4}ssm.ji^ 
mixed  coals  coke  badly,  are  very  sulphurous,  make  a  ccyJce 
Peculiarity  of  of  bad  Quality,  and  contain  20  to  25  per  cent,  of  ashes.   Em- 

the      luel      em-  -x  *  i  mt  -« 

ployed.  ployed  alone,  they  work  badly,  but  mixed  with  the  slack  ooal 

from  the  Kladno  mines  each  seems,  to  some  extent,  to  correct 
the  defects  of  the  other.  The  Steyerdorf  coals  are  of  ex- 
cellent quality,  resembling  the  English  semi-bitumiDoos, 
give  a  good  flame,  make  excellent  coke,  are  only  very 
slightly  sulphurous,  and  contain  only  from  8  to  10  per  cent, 
of  ashes.  Their  intermixture  with  the  two  inferior  coals 
from  Kladno  and  Epssnitz  add  greatly  to  their  heat-pro- 
ducing capacity. 
AdaptAtion  of     The  iutroductiou  of  the  new  types  of  locomotive  now  in 

the  fire-box  and  '^  *^ 

jjrate  to  tbo  kind  the  scrvico  of  the  Austriau  Railway  Company  has  rendered 

the  use  of  this  fuel  practicable,  and  effected  a  considerable 
reduction  in  this  item  of  railway-operating  expenses.  Since 
the  introduction  of  this  system  the  consumption  of  lump 
and  large  coals  upon  these  lines  of  i*ailway  has  been  re- 
duced from  22,200  tons  in  1872  to  70  tons  in  1876. 

Success.  The  use  of  these  small  coals  by  the  Austrian  Railway  Com- 

pany has  never  occasioned  any  practical  difficulty,  either  in 
respect  to  speed  of  trains,  regularity  of  train  movement,  or 
working  capacity  of  the  locomotives. 

Possible  need     The  abundaucc  and  cheapness  of  fuel  in  almost  ail  parts 

for  tbe  use  of  our     ^    _      __    .      ••  r^  •.  i         ■<  • 

slack  and  small  of  the  United  Statcs  have  not  as  yet  rendered  it  necessary 

coals  in  looomo-  . ,      ,  .,  .tij  ^^j-  ^ 

lives.  that  our  railway  companies  should  resort  to  devices  and 

methods  for  the  use  of  the  slack  and  small  coals  of  the 
mines  as  fuel  for  locomotives ;  but  there  are  large  sections 
of  the  country  where  the  question  of  cheap  fuel  is  already 
one  of  vital  interest,  and  it  is  one  of  more  or  less  impor- 
tance and  of  growing  int^erest  everywhere. 
Classes  of  loco-     The  Austrian  State  Railway  Company  employs  three  de- 

the      Austrian  scriptious  of  locomotivcs  coustructed  with  reference  to  the 

State  Railway  Co.  x»     i      i  j  ii  i 

use  of  slack  and  small  coals : 

(1)  Freight  locomotives,  having  8  coupled  wheels,  of 
which  there  are  30  in  use  and  10  in  process  of  construction. 

(2)  Locomotives  designed  for  service  at  stations,  having 
6  wheels,  all  coupled ;  of  these  there  are  already  17  in  the 
employment  of  the  company. 

(3)  Locomotives  designed  for  either  passenger  or  fi^ight 
service  or  for  mixed  trains. 
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This  last-mentioned  type  has  been  selected  for  a  ftiller  de-    ^""1^;^;""^ 
6cription  as  a  fair  exponent  of  the  system.    An  illustration 


of  it  is  given  in  Plate  4.  nL'T^'i^. 

The  firegrate,  as  in  the  two  other  descriptions  of  loco-™o^^^^^of^^h« 
motives  mentioned,  is  made  very  large,  in  order  that  the  ^^i^Jl^^^^**- 
depth  of  fuel  upon  it  may  not  be  considerable.    They  are 
supplied  with  the  Le  Chatelier  apparatus  for  reversing  the    i>e«;ription 
engine,  by  letting  into  the  cylinders  steam  and  water  in 
small  quantities  from  the  exhaust-pipes,  the  pipes  being  so 
arranged  as  to  prevent  dust  and  hurtful  gases  from  being 
drawn  in  fix)m  the  smoke-box. 

The  boilers  are  of  Martin  steel ;  the  tube-plate  of  the 
smoke-box  is  of  copper ;  the  connecting  and  coupling  rods 
are  of  steel,  grooved  in  a  fashion  to  reduce  their  weight  as 
far  as  practicable.  The  following  table  exhibits  the  average 
consumption  of  small  coal  upon  these  locomotives : 


Goal  oonsiuned  for  each  train  mile 

Cool  a>iisuined  for  each  one  hundred  tons  moved  one  mile 


Cost  of  cool  coDsnmcd  per  train  mile 

Coet  of  coal  for  each  one  hundred  tons  drawn  one  mile 


1 


o  a 


Pounds. 

58 

16 

Cents. 

8.29 

2.40 


•m  « 
CO 

>» 

d  S  »^ 
S  S  o 


Pounds. 

59 

14 

OenU. 

11. 05 

2.00 


Consumption 
of  coal. 


Dimensiona  and  particulars. 

Length  of  fire-grate 1.300 

Breadth  of  fire-grate 1.050 

Surface  of  fire-grate 1.890 

Length  of  fire-box  <     ^ ,  ^^ .»' a,^ 

*  I  at  bottom 1. 800 


Breadth  of  fire-box 


attop 1.090 


(  at  bottom 1.050 

Height  of  fire-box ....  1.536 

Heating  surface  of  fire-box 9. 100 

Heating  surface  of  tubes 129. 600 

Total  heating  surface 138.700 

Smoke-stack,  interior  diameter 0. 440 

Diameter  of  driving  wheels 1. 4r)0 

Diameter  of  coupled  wheels 1. 450 

Diameter  of  body  of  wheels  within  tires 1. 340 

Weight  of  driving  wheels 5, 210 

Weight  of  each  pair  of  coupled  wheels 4, 295 

Diameter  of  driving  axles  at  center 0. 15H 

Diameter  of  coupled  axles  at  center 0. 158 

Diameter  of  spindle 0.165 


meters, 
meters, 
sq.  meters. 

meters, 
meters. 

meters. 

meters. 

meters. 

sq.  meters. 

sq.  meters. 

sq.  meters. 

meter. 

meters. 

meters. 

meters. 

lbs. 

lbs. 

meter. 

meter. 

meter. 


Dimensions. 


i 
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AUSTRIAHUK- 
OABY. 


Passenger  and 
mixed-train  loco- 
motive of  Aus- 
trian State  Bail- 
way  Co.    Plate  4. 


Dimensions. 


Distribution  of 
weight. 
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Sprliigs : 

Distance  between  points  of  suspension 0. 970  meter. 

Breadth  of  plates 0.  IKX)  meter. 

Thickness 0. 100  meter. 

Namber  to  each  spring 17 

Mechanism : 

Diameter  of  cylinders 0. 450  meter. 

Stroke  of  piston 0.650  meter. 

Length  of  connecting-rods 1. 900  meters. 

Greatest  breadth  of  locomotive 2. 790  meters. 

Boiler : 

Length  of  boiler 4. 620  metens. 

Exterior  diameter 1. 300  meters. 

Namber  of  tubes 175 

Exterior  diameter  of  tubes 0. 052  meter. 

Lenp^th  between  tube  plates 4. 550  meters. 

Volume  of  steam,  with  water-lino  105™"  above  top 

of  fire  box 1. 610  cu.  mete 

Distribution  of  weighL 


On  leading  wheels 
On  driving  wheels 
On  trailing  wheels 

Total 


Tom. 
10.97 
1L37 
11.86 

34.20 

38.i 

Fire-boxes. 


Average  lood.  The  average  load  hauled  during  the  year  1877  by  these 
locomotives  was  340  tons.  The  company  already  has  20 
machines  of  this  type,  and  they  are  represented  to  havedooe 
excellent  service. 

The  fire-boxes  in  use  upon  the  locomotives  of  this  company 
are  of  copper,  though  experimental  tests  are  now  being  made 
of  fire-boxes  made  of  a  very  soft  Martin  steel.  The  stays  found 
to  give  the  best  results  are  those  made  of  copper.  Iron  or  stee 
stays  have  not  been  found  verj'  desirable.  The  copperases 
is  required  to  have  a  resistance  of  24  kilograms  for  eaal 
square  millimeter,  or  34.135  lbs.  per  square  inch,  and  an  e^ 
tension  capacity  of  20  per  cent,  before  fracture. 

The  company  has  215  boilers  of  Bessemer,  Martin,  or  cafe 
steel.  Ex[)erience  upon  the  Austrian  roads  shows  that  thc^ 
corrode  very  rapidly,  the  corrosion  being  doubtless  greatB 
accelerated  by  reason  of  the  inferior  character  of  the  fa^ 
used.  The  corrosion  of  steel  and  iron  boilers  is  believed  to  t: 
about  the  same.  Upon  this  line  the  vital  parts  of  the  boile  ^ 
have  to  be  replaced  after  ever^^  three  or  four  years  of  acti^ 
service.  The  past  experience  of  the  Austrian  State  '^ 
pany  has  shown  that  the  l^est  material  for  the  manufact 
of  boilers  is  a  soft  homogeneous  steel  not  liable  to  hard^ 
readily.    Such  a  metal  is  believed  to  have  been  obtained 


Boilers. 
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i  steel  now  being  made  by  the  Martiu  process  at  the  com-    a"*^^"""* 
[)any'6  works  at  Beschicza. 


The  experimental  tests  made  by  Professor  Jenny,  of  the   Passenteer  and 
Polytechnic  School  of  Vienna,  with  the  boiler-plates  manu-  SStS^e^Aywu?. 
lactored  for  this  company  at  their  works  at  Simmering,  show  co.^'i»*!^t^4*"^*^ 
;hat  the  metal  of  which  they  are  made  is  sufficiently  soft  to  re- 
Qove  any  apprehension  as  to  their  liability  to  sadden  rapture. 

The  boiler-tabes  of  the  company's  engines  are  of  brass,    i>«»criptiou. 
he  composition  of  which  is  30  parts  zinc  and  70  parts 
opper.    They  are  all  of  the  same  diameter — interior,  0.048 ; 
xterior,  0.052. 

The  following  compositions,  designated  as  bronzes,  are    Composiuou  of 
Lseil  for  the  several  purposes  mentioned : 

(1)  For  locomotive  bearings,  slide-valves,  valves,  etc.,  84 
larts  of  copper  and  16  purts  of  tin. 

(2)  For  coach  and  car  bearings,  85  parts  of  copper  and  15 
»f  tin. 

(3)  For  the  various  cocks,  etc.,  90  parts  of  copper  and  10 
>f  tin. 


Oneof  the  most  admirable  machines  exhibited  at  Paris  was    Pa»»enger  and 

nuxed-train  loco- 

the  powerful  locomotive  built  at  the  works  of  the  Hungarian  ^otive   of   the 

*^  ®  Theiss    Railway 

State  Railways  at  Buda-Pest  for  the  Theiss  Railway.    In  of  Huni^ary. 
simplicity  of  construction  it  approached  more  nearly  to  the 
t)est  types  of  American  and  Euglish  locomotives  than  the 
locomotives  built  by  the  European  Continental  railway  com- 
panies generally  do.    It  represents  a  design  entirely  new    New  design. 
and  but  recently  adopted  by  the  Theiss  Railway  Company. 
It  is  built  for  the  purpose  of  hauling  passenger  and  mixed 
trains  at  a  high  speed.    It  has  an  actual  tractive  power  upon  Tractive  power. 
%  gradient  of  1  in  800,  as  follows :  750  tons  at  a  speed  of  15 
niles,  500  tons  at  a  speed  of  22  miles,  and  300  tons  at  a 
ipeed  of  37  miles  per  hour. 

Plate  5  gives  a  fair  illustration  of  this  superb  machine. 

There  are  no  curves  of  short  radii  upon  the  Theiss  Rail-    Deacription  of 
ray,  and  accordingly  it  was  not  found  necessary  to  allow 
buy  lateral  play  to  the  axles  of  this  locomotive,  though  its 
rheel-base  is  11'  8''. 

As  will  be  seen  from  the  engraving,  this  machine  has  6 
wheels,  all  coupled,  and  its  cylinders  are  exterior.  It  is  de- 
igned with  reference  to  the  use  of  wood  as  its  fuel,  and  is 
)rovided  with  Klein's  spark  arrester.  Two  injectors  of 
Friedman's  system  supply  the  boiler,  one  of  7  and  the  other 
)f  9  millimeters.  The  dome  is  larger  than  usual  and  con- 
tains the  regulator. 
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AUBTWA^HUN-       Tho  aiTangements  for  the  distribution  of  steam  are  aftei 

-      — '■ the  system  of  Mr.  Stevenson,  except  that  in  place  of  th< 

Locomotive  of  valvc  in  Ordinary  use  there  is  a  spiral  spring  which  servei 
ofHanga^'^'^^  to  cqualizc  the  weights  of  the  valve-slides  and  appurte 

nances.  The  piston-rods  pass  entirely  through  the  forwan 
heads  of  the  cylinders,  as  indicated,  an  excellent  arrangi 
ment  for  supporting  the  piston  and  securing  smoothness  « 
Dosciiption.  actiou.  The  springs  are  adjusted  below  tbe  axle-boxes,  an 
those  of  the  driving  and  trailing  axles  are  coupled  by  coc 
pensating  beams. 

It  is  claimed  that  this  locomotive  has  the  merit  of  est^ 

lishing  the  feasibility  and  advantage  of  applying  perfect 

Equipoised  cquipoiscd  valvcs  to  locomotives,  an  arrangement  so  oft^i 

^**'  attempted  without  success.    The  tires,  axles,  springs,  eoj 

Aecting  and  coupling  rods,  valve-spindles,  piston-rods,  an 

motion-bars  are  of  cast  steel ;  the  wheels  and  axle-boxes  ac 

of  wrought  iron ;  the  valve-gearing  of  refined  wrought  iror 

All  the  joints  are  case-hardened. 

The  matMiaiB     Almost  all  of  the  materials  used  in  the  construction  of  th 

the    product    of 

Hungary.  machmc  are  the  products  of  Hungarian  factories.     Th 

plates  of  the  boiler-frames,  the  boiler-plates,  and  the  reflnei 
iron  used  in  the  construction  of  other  parts  of  the  locomotiV' 
are  from  the  Boyal  Hungarian  Iron  Works  of  Brazowa- 
the  copper  from  the  copper  works  of  Upper  Hungary ;  ant 
nearly  all  the  steel  used  from  the  works  of  the  Austria: 
State  Eailway  Company  at  Eeschicza.  The  cost  of  thi 
locomotive  delivered  in  the  station  at  Buda-Pest  is  tlO,70C 

Dimensions  of  locornotive  and  particulars. 

Dimensions.      Diameter  of  cylinders 0. 420  meter. 

Stroke  of  pistons 0. 630  meter. 

Diameter  of  driving  wheels 1. 617  meters. 

Wheel  base ...      3. 650  meters. 

Diameter  of  barrel  of  boiler 1. 32H  meters. 

^xength 1.930  meters. 

Fire-grate^  breadth 1.020  meters. 

(  surface 1, 970  aq.  meten 

C  interior  length 1.900  meters. 

Fire-boxi  i"^«rior  breadth.  1. 100, 1. 120  meters. 

j  interior  height 1, 130, 1. 470  meters. 

(^  interior  heating  surface 9.000sq.  meten, 

C  number 166 

,      1  length  between  plates 3. 500  meters. 

I  exterior  diameter 0.052  meter. 

(^  heating  surface 95.000sq.  meten 

Total  heating  surface  of  machine 104. 000  sq.  meters 

Weight  of  locomotive  empty 30  tons. 

Weight  of  looomotive  ready  for  work 34  tons. 


i 


^ 
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BRITISH  LOCOXOTIVES.    *  great  dbitaix. 

The  locomotives  exhibited  in  the  British  section  were,  as   LoeomoHvet. 
may  be  said  of  the  machinery  exhibits  of  the  United  King- 
dom generally,  remarkable  for  the  skill,  the  directness,  the 
strong  common  sense,  and  the  faithfulness  illustrated  in 
their  construction. 

A  splendid  proof  of  the  practical  mechanical  skill  and 
liigh  attainments  in  mechanical  engineering  of  the  English 
was  furnished  by  the  locomotive  manufactured  by  Messrs.    Locomotive  of 
Sharp,  Stewart,  &  Co.,  of  Manchester,  a  machine  of  such  co**^' 
excellent  design  and  workmanship  that  it  well  deserves  to 
be  chosen  as  illustrative  of  the  best  locomotive  practice  of 
the  British  railways.    The  agent  in  charge  of  the  very  cred- 
itable collection  of  exhibits  of  Messrs.  Sharp,  Stewart,  &  Go. 
was   kind  enough  to  refer  the  writer  to  an  exhaustive 
description  of  this  machine,  which  was  prepared  for  and 
appeared  in  '^Engineering,''  for  fiill  particulars,  and  I  am    Plate  e  &om 
indebted  to  that  paper  for  the  details  now  given  and  theneering."     °^* 
illustration  of  the  machine  on  Plate  6. 

This  engine  is  designed  for  express  passenger  service,  Deecription. 
and,  as  shown  in  the  engraving,  has  inside  cylinders,  2  driv- 
ing and  2  trailing  wheels,  all  coupled.  It  combines  in  its 
construction  the  practice  of  Messrs.  Sharp,  Stewart,  &  Co. 
and  that  adopted  by  the  IJorthwestern  Railway  Company 
of  England,  in  its  design  embracing  the  most  approved 
features  of  English  railway  locomotive  engineering.  "The  Dotau»  and  di- 
cylinders  are  18''  in  diameter,  the  coupled  wheels  are  ™®'"**'°** 
6'  6"  in  diameter,  and  the  tractive  force  is  calculated, 
therefore,  to  be  103.8  lbs.  for  each  pound  of  effective 
pressure  per  square  inch  on  the  pistons."  The  leading 
wheels  are  4'  in  diameter.  The  cylinders  are  placed  close 
together,  and  thns  the  driving-axles  admit. of  very  long 
bearings;  and,  to  allow  this,  the  valve-faces  have  been 
placed  above  the  cylinders  and  inclined  both  laterally  and 
longitudinally.  The  piston-rods,  connecting  and  coupling 
rods  are  all  of  Bessemer  steel.  The  pistons  are  filled  with 
gunmetal  packing-rings.  There  are  only  two  guiding-bars 
to  each  cylinder,  and  those  are  supported  by  the  motion- 
plate  at  some  distance  from  their  rear  ends,  the  arrange- 
ment being  such  that  the  cross-heads  can  be  drawn  out 
without  taking  down  the  bars.  The  slide-bars  are  of  case- 
hardened  wrought  iron.  The  link-motion  is  of  the  kind 
known  as  the  **Allan  straight-link"  type,  and  all  thoroughly 
case  hardened. 

The  engine  is  reversed  by  a  screw  with  hand  wheel  fixed 
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GBBAT  BBiTApy.  qel  0116  of  thc  hliid  spldshes.    The  coupling  is  very  simp 

effected  by  rods  witli  solid  ends  with  bushes  forced 
shalfr^Storai^  ^^^^  ^^^  crauk  pins  are  all  of  Bessemer  steel,  as  also  are  t 

Co.    Plate  6.         ^^^^^ 

The  Liearings  of  the  axles  of  the  driving  and  traili 
wheels  are  9^'  long  and  7J^^  in  diameter,  and  those  of  t 
leading  axle  are  1(K'  long,  with  a  diameter  of  6^". 
dS^^^ouB^'^^     "  -^^^  driving  and  trailing  axle-boxes  are  of  case-hardet^ 

cast  iron,  working  in  guides  of  cast  steel  not  fitted  w^ 
wedges.    The  leading  axle-boxes  are  of  cast  iron,  work.} 
in  cast-iron  guides,  there  being  a  lateral  play  of  i''  allow 
in  each  direction  between  the  flanges  of  the  boxes  and  t 
horn-blocks,  the  boxes  being  provided  with  double  inclin 
caps  of  wrought  iron.    The  total  wheel-base  of  the  en 
is  W  3",  but  the  rigid  wheel-base  is  only  8'  8^'.    The 
are  all  of  wrought  iron,  with  crucible  steel  tires,  secured 
an  outer  clip  fastening  and  set  screws.    The  fiumes  are 
wrought  iron  V  thick,  V  &'  deep  for  the  main  part  of  tb 
length,  and  4f  1^"  apart.    The  bufters  are  of  wrought  in^ 
The  boiler  is  of  the  flushed-topped  flre-box  type,  with  platz 
arranged  telescopically."    The  diameter  of  the  boiler  is  i'  Z 
inside  the  smallest  plate.    The  firebox  casing  is  5^  10^'  lo 
outside  by  4'  i"  wide  at  the  bottom,  and  A!  IV*  deep  belo 
center  line  of  the  boiler.    The  boiler-shell  is  of  Bowling  platre 
sides,  barrel,  and  top  of  fire-box  casing  are  i''  thick,  and  tbe 
front  and  back  plates  -^V^     The  smokebox  tube-plate  is 
y  thick,  and  is  flanged  forward  to  join  the  smoke-box 
X^lates,  it  being  connected  with  the  barrel  by  an  angle  iron 
ring.    The  inside  fire-box  is  of  copper,  the  plates  being  j". 
thick,  except  the  upper  part  of  the  tube-plate,  which  is 
about  y  thick.    The  fire-box  crown  is  stayed  by  longi- 
tudinal roof-stays  and  by  sling-stays,  as  shown.    The  boiler 
contains  219  brass  tubes,  1^''  in  diameter,  ICK  6^^^'  long 
between  the  tube-plates,  and  Kos.  12  and  14  wire-gage  thick 
at  the  fire-box  and  smoke-box  ends,  respectively. 

The  safety-valves  are  arranged  to  blow  at  a  pressure  of 
140  lbs.  x)er  square  inch,  and  are  placed  on  top  of  the  fii 
box  casing.    The  boiler  is  supplied  by  two  injectors,  on< 
Ko.  7  and  one  Ko.  9.    The  cylinder  and  valve  casings  axt 
oiled  by  means  of  an  automatic  lubricator,  of  which  the  dl 
tails  are  indicated  in  the  figures.    There  is  a  large  dome  4 
top  of  the  boiler,  on  which  is  the  regulator. 
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Heating  surface,  etc.  orkat  hbitaik. 

Square  feet. 

Heating  surface  of  tubes,  outside  surface 1, 134. 00 

Heating  surfSwje  of  fire-box 105.00        Locomotive  of 

rw,  ,    ,  /^    ..             i.  1   rwift  n/»      Sharp,  Stewart  d& 

Totalheating  surface 1,239.00     Co.    Plptee. 

Fire-grate  area 17.70 

Sectional  area  through  tubes 3. 29 

Least  sectional  area  of  chimney 1. 23 

Ratio  of  total  heating  surface  to  grate  snrface 70 : 1     Dimensions. 

Ratio  of  grate  surface  to  sectional  area  of  tubes 5.38 : 1 

Ratio  of  grate  surface  to  least  sectional  area  of  chimney..  14.4  : 1 

Ratio  of  tube  surface  to  fire-box  surface 10.8 : 1 


There  were  several  locomotives  of  exceptional  types  ex-  ^^*bert  Fairiie. 
hibited  in  the  British  section,  particularly  those  of  Mr.  Rob-  ^fox,  waiker  & 
ert  Fairlie,  of  Fox,  Walker,  &  Co.,  and  of  Black,  Hawthorn,  thom  aco^*"^ 
&  Co.    These  will  be  considered  in  another  connection  in 
this  report.    There  was  also  an  excellent  locomotive  ex- 
hibited by  the  London,  Brighton,  and  South  Coa^t  Railway  toJ^and'  ISuS; 
Company,  which,  in  its  finish  and  beauty  and  simplicity  of  ^®"**^*^^*y 
construction,  was  worthy  of  high  commendation. 


T>    .,  11.  ^1  KaUway  rolling 

Railway  rolling  stock.  stock. 

The  plan  of  the  passenger  cars  generally  adopted  in  Eu- 
rope possesses  marked  differences  from  that  usually  prevail- 
ing in  America ;  but  a  few  examples  will  sufiQce  to  present 
a  fair  view  of  the  European  system,  and  to  exhibit  the  points 
of  contrast  between  it  and  our  own. 

There  were  48  railway  cars  exhibited  at  Paris,  of  which  bibiting?^™"  *^ 
31  were  from  France,  7  from  Austria  Hungary,  4  from  Bel- 
gium, 3  from  Sweden,  2  from  Italy,  and  1  (a  Pullman  sleep- 
ing-car) from  the  United  States. 

FRENCH  RAILWAY  0AR8.  vhk^ce. 

The  French  exhibit  of  railway  rolling  stock  was  not  only 
the  largest,  but  much  the  most  satisfactory,  because  the 
most  fairly  representative  of  the  practice  of  the  country 
it  was  designed  to  illustrate. 

The  collection  of  the  Western  Railway  Company  of  France         First-ciass 

•^  x-       ./  passenger  coach, 

contained  some  fine  exhibits  of  railway  rolling  stock.    The  westemRaiiway 
illustration,  Plate  7,  represents  a  beautiful  first-class  pas- 
senger coach,  containing  four  compartmentB,  exhibited  by 
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^^*^<^'      this  company.    Eaoli  compartment  is  designed  to  seat  com- 
fortably eight  persons.    The  interiors  of  the  compartments 

h.^ertMn*^  handsomcly  upholstered;  the  window-frames  are  sur- 
R^way  Co.       rounded  by  moldings  trimmed  with  velvet;  the  lower  joints 

of  the  doors  are  trimmed  with  Wilton  carpeting;  the  seats 
and  the  sides,  front,  and  back  of  each  compartment  are 
cushioned  luxuriantly.  All  the  appointments  of  the  car 
are  sumptuous.  It  is  supplied  with  fixed  ventilators,  a 
double  floor,  and  double  ceiling,  and  at  night  the  compart- 
ments are  lighted  by  large  lamps. 
Description.  The  frame  is  of  iron.  India-rubber  cushions  are  placed 
between  the  body  and  the  frame,  and  the  springs  are  mounted 
with  suspension  loops.  This  car  is  intended'  for  service  in 
fast  trains,  and  is  furnished  with  the  Westinghouse  air- 
brake. 

Principal  dimmsions  and  umghts.** 

Dimensions.      Frame  supports  of  iron  cross-beams,  wood : 

Total  length  over  bnffers 9.250  meters. 

Length  pf  frame  over  lead-stocks 8. 150  meters. 

Carrying-springs : 

Nnraber  of  plates 14 

Breadth  and  thickness 90  x  10  milllmetere. 

Length  of  top  plate  between   points  of 

suspension. 2. 000  meters. 

Deflection  per  ton  of  load 90  millimeters. 

Draw  and  buffer  springs: 

Number  of  plates 13 

Breadth  and  thickness   75  x  11  miilimeters. 

T  ^T^o^Y.  ^r  n«v^*  «i«+^  5  buffer 1. 750  meters. 

Length  of  upper  plate|^^^^^ LOOOmeters, 

n^fl««*i^«  #v.*  «««!,  ♦^r,  5  buffer 75. 000  millimeteis. 

Deflection  for  each  ton  I  ^^^^ 12. 500  miUimeters. 

Body  of  oar: 

Greatest  length  of  body  of  car  along  axis..  B.270  metors. 

Breadth  at  center 2. 690  meters. 

Breadth  at  ends 2. 660  meters. 

Height  from  floor  to  roof,  interior,  at  center 

of  compartment 1. 950  meters. 

Number  of  compartments 4 

Area  of  floor  of  car 19. 950  sq.  meters. 

Space  allowed  each  passenger  (including  seat 

room) 9.050  sq.  feet. 

Running-gear,  three  axles : 

Diameter  of  spindles 0.100  meter. 

Length  of  spindles 0. 180  meter. 

Diameter  of  axle  at  center 0. 130  meter. 

Diameter  of  axle  near  the  journal 0. 145  meter. 

Diameter  of  axle  at  the  journal 0. 150  meter. 

*  The  dimensions  in  this  and  other  cases  are  given  in  meters  to  con- 
form to  the  drawings,  which  are  laid  off  by  the  metrical  scale. 
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type  **  Mansell "  (tiree  of  steel,  cores  of  ra^^'c- 

I 
I 

ckness  of  iron  core 0. 130  meter.  Firat-olou 

meter  within  tire 0.920  meter.  SSSwayCcT*  ™ 

meter  from  oat  to  out  of  tire 1.030  meters.  PUte7. 


ight  of  oar,  empty 21,384  lbs.  Lood« cost, etc. 

dmom  load,  each  passenger  and  his  hand- 

Ekggage  being  estimated  to  weigh  165  lbs.    5, 280  lbs. 

ight  for  each  passenger 825  lbs. 

t  of  coach  at  factory,  including  brake..  $3,000 
io  of  diameter  of  spindles  to  that  of  the 

heels 0.097 

m  weight  of  each  axle,  mounted 2, 050  lbs. 

eel-base 17  fb.  10  in. 

dmum  load  per  axle 6  tons. 

re  were  two  very  comfortable  and  elegant  salon  cars 
ted  in  the  French  section,  one  shown  by  the  North- 
ftilway  Company,  affording  accommodations  for  not 
than  twelve  persons,  and  one  designed  and  manu- 
3d  by  M.  B.  Chevalier,  Paris.    The  latter  was  de-  m.e.  chevalier. 

to  accommodate  a  family  or  small  party  traveling  '  FamUy  coaoh. 
er.    It  was  subdivided  into  a  salon,  a  sleeping  apart- 

a  kitchen,  a  lavatory,  etc.  It  coald  accommodate 
Lx  passengers  and  two  servants.  Both  of  these  cars 
handsomely  finished  and  comfortably  arranged,  bat 
leficient  in  economy  of  space,  and  in  this  respect  vastly 
»r  to  the  system  of  drawing-room  and  sleeping  cars  in 
>on  the  railways  of  the  United  States,  of  which  latter 
>f  vehicles  the  Pullman  sleeping-car  exhibited  in  the 
ican  section  was  a  splendid  illustration. 

AUSTOIA-HUlf- 

A  U8TBIAN  BAIL  WA  T  CABS,  o^*'^- 


re  were  in  the  Austrian  section  several  passenger 

3S  and  one  postal  car,  all  of  which  were  creditable 

)les  of  the  railway  practice  of  that  country.    There 

also  exhibited  some  designs  of  very  well  arranged 

nd  coaches  in  the  service  of  the  Austrian  State  Rail- 

yompany.    These  do  not  differ  radically  from  the  cars 

ipon  the  railways  of  other  European  countries. 

ws  are  given  of  three  of  the  passenger  cars  of  this  coochef  A^sSSm 

iny  in  the  accompanying  illustrations.  ^^^^  Railway. 

.  1  represents  a  flrs^class  passenger  car.    The  two^^^^^^  ^7^^?i* 

e  coupis  are  in  the  ordinary  style  of  compartments  for 

lass  passengers ;  the  cotipSs  at  each  end  are  provided 

shifting  seats,  which  may  be  so  adjusted  as  to  enable 

assenger  to  recline  comfortably,  called  fauteuHs-lits. 
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^"^Kr'"^*    ^®  middle  compartmentjs  seat  six  passengers  each,  and 

the  coupSs  h  fauteuils-lits  three  each.    The  principal  dimen- 

Austruw  State  sions  of  the  car  and  compartments  are  indicated  in  the  bd- 

Railway:      flrat*  •  . 

ciasBcoliih.  Fig.  graving  m  meters. 

"'^^  The  weight  of  the  car  is  9  tons;  weight  for  each  pas- 

senger carried,  1,110  lbs. ;  number  of  passengers  carried,  18. 

coac^^ipt^     ^^S'  2  represents  a  second-class  passenger  car  of  the 

Austrian  State  Eailway  Company,  built  in  1876,  giving  an 
exterior  and  interior  view.  The  frame  is  of  iron  and  wood; 
the  panels  of  the  body  of  sheet-iron,  as  is  also  the  roof; 
the  seats  and  backs  are  upholstered  with  green  morocco 
and  the  panels  with  oil-cloth ;  it  has  four  compartments^ 
each  seating  8  persons.  The  car  weighs  9 J  tons,  or  660  lbs. 
for  each  passenger  carried.  The  principal  dimensions  are 
indicated  in  the  engraving  in  meters. 

coach ^^F?^*?J?     ^'o'  ^  &^^®8  ^^  cxtcrior  and  interior  view  of  an  ordinary 

third-class  passenger  car  of  this  company  and  its  principal 
dimensions  in  meters.  The  frame  is  of  wood  and  iron ;  the 
panels  and  roof  of  sheet-iron ;  wooden  benches,  with  seats 
and  backs  uncushioned.  Weight  of  car,  17,700  lbs. ;  weight 
for  each  passenger  carried,  390  lbs. ;  number  of  passengers 
carried,  60. 
Freight  car.  Fig.  4  represents  a  freight  car  of  the  ordinary  type  in  use 
upon  the  Austrian  State  Railways.  The  frames  are  of  wood 
and  iron,  roof  of  sheet-iron,  frame  of  the  body  of  car  of 
oak,  with  vertical  strips  of  hard-pine  plank  from  the  top  to 
the  bottom.  Weight  of  car  without  the  brake,  13,630  lbs. ; 
maximum  load,  10  tons;  dead  weight  for  each  ton  of  load, 
1,265  lbs. 

A  sleeping-car,  elegantly  finished  and  comfortable  in  its 
appointments,  of  a  type  recently  introdneed  upon  the  Aus- 
trian State  railways,  merits  a  fuller  notice. 
Sleeping  car.     This  coach,  Plate  8,  was  designed  after  a  careful  study  of 

Plates.  .  ^jj^  diflferent  kinds  of  sleeping-cars  in  use  in  Europe  and 
America,  and  was  intended  to  supply  a  want  which  was  felt 
not  to  have  been  fully  met  by  any  of  the  types  heretofore 
introduced. 

The  plan  of  these  coaches  is  entirely  experimental,  but  it 
is  hoped  that  a  fair  trial  will  show  them  to  be  what  is 
claimed  for  them,  an  improvement  upon  the  older  styles  of 
sleeping-cars,  at  least  in  respect  to  the  demands  of  Euro- 
pean travel.  They  are  manufactured  at  the  workshops  of 
the  company  at  Simmering. 
Dfucription.  The  Car  comprises  two  divisions.  The  first  division  em 
braces  two  compartments,  each  of  which  may  in  turn  be 
subdivided  into  two  separate  sections,  in  each  of  which  the 
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Fi(f.  3.— 3d-class  paflaenger  coach  of  Austvian 
Railway  Company. 


Fig.  3.— 3d-class  passenger  coaob  of  Aiistyian 
Railway  Company. 
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passenger  may  sleep  and  make  his  toilet.    The  second  divis-    ^""JJJy"*™ 

ion  comprises  three  distinct  compartments,  in  each  of  which 

the  traveler  may  sleep  and  make  his  toilet  in  privacy. 

Eachoftheflrsttwocompartmentsafibrdsaccommo<^ations  Austrin  state 
for  fonr,  and  upon  an  emergency  six,  persons  daring  the 
day  and  two  at  night.  The  whole  car  will  thns  afford  sleep-  sieepiBg^wr. 
ing  accommodations  for  seven  persons,  and  in  the  daytime 
wiU  seat  eleven,  and  if  necessary  thirteen,  persons.  It  is 
provided  with  lavatories  and  a  water-closet ;  a  place  for  the 
guard ;  a  closet  for  bed  linen,  etc. ;  and,  what  is  extremely 
rare  outside  of  the  United  States  and  Canada,  a  water-cooler 
for  iced  drinking  water.  As  will  be  seen  from  the  illustra- 
tion, P?ate  8,  a  passage  runs  through  the  whole  car,  so  that 
there  may  be  ready  communication  between  the  different 
sections  and  compartments.  This  passage,  however,  is  DMcriptum. 
closed  l»y  a  door  between  the  first  and  second  division  and 
again  between  the  two  compartments  of  the  first  division. 
The  compartments  have  double  windows,  one  of  the  sashes 
being  furnished  with  glass  and  the  other  with  blinds  of 
wire  gauze.  At  night  the  passage  is^  lighted  by  means  of 
lamps  and  the  compartments  are  lighted  by  candles. 

The  extreme  wheel-base  is  15.925'.  The  total  weight  of 
the  car  in  running  order  is  27,770  lbs.  The  dead  weight  for 
each  passenger  carried  is,  at  night,  3,968  lbs. ;  by  day,  with 
eleven  passengers,  2,526  lbs.,  or  with  thirteen,  2,136  lbs. 

The  enormous  dead  weight  which  such  an  arrangement  of 
a  coach  necessitates  renders  it  far  from  economical,  but 
apart  from  considerations  of  economy  the  car  is  an  ex- 
tremely comfortable  and  luxurious  one. 

Narrow-gage  railwaysj  tramwa/ysy  engines^  and  cars.         rauJeS*^^^' 

Notwithstanding  the  profound  attention  which  the  ques-  ThequesUonof 
tion  as  to  the  proper  gage  to  be  adopted  for  railways  has  ^^^  °***  «»ttied. 
received  at  the  hands  of  railway  engineers  and  construct- 
ors, and  the  immense  sums  expended  in  practical  experi- 
ments as  to  the  special  advantages  of  the  various  gages 
which  have  been  suggested,  the  question  cannot  be  re- 
garded in  Europe,  any  more  than  in  America,  as  finally  set- 
tled. 

The  gage  adopted  in  Germany  and  generally  throughout  standard  Euro 
Europe  is  4f,  S^'\  between  the  rails.  The  gage  in  France  prenchgage. 
uj)on  the  main  lines  is  4'  Sy  and  4'.  9'^  Still,  there 
are  men,  thoroughly  acquainted  with  the  subject,  who  in- 
sist that  under  certain  conditions,  existing  to  a  greater  or 
less  extent  in  large  sections  of  almost  every  country,  a  gage 
nanx>wer  than  the  standard  width  should  be  adopted,  and 
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fmUwSt*^^^*  they  urge  the  advantages  of  cheapness  of  constrnction  and 
economy  and  efficiency  of  working  roads  of  the  width  of  a 
meter,  or  a  little  more  or  less,  with  as  much  earnestness, 
and  their  views  are  com  batted  by  the  advocates  of  the  pre- 
Tbe  battle  of  vaiUng  gagc  with  as  much  vehemence,  as  though  the  battle 
***'**'  were  freshly  joined.    The  feeling  manifested  in  these  dis- 

cussions must  occasion  some  surprise  to  one  who  brings  to 
the  consideration  of  the  subject  no  preconceived  notions 
and  no  prejudices  or  special  predilections. 
Advocates  of    Amoug  the  advocatcs  of  the  broad,  the  standard,  and  the 

the  bpwad,  stand-  ^  ^.      i     xi.  i.  ^    j-  j 

ard,  ana  narrow,  uarrow  gagcs  resi>ectively  there  are  men  whose  studies  and 
^*'  attainments,  whose  skill,  and  practical  acquaintance  with  the 

subject  entitle  their  conclusions  to  respect  and  conMenoe, 
but  the  tests  of  practical  experience  are  of  yet  greater  valae. 
The  results  obtained  from  the  trial  of  the  narrow  gages 
have  certainly  demonstrated  that  under  special  conditions 
they  possess  many  of  the  advantages  claimed  for  them  by 
their  advocates.  On  the  other  hand,  the  enormous  work 
being  well  and  successfully  done  throughout  the  civilized 
Argmnenta  pro  world  by  roads  of  the  standard  gage,  and  the  preference 

and  con.  which  the  railway  companies  of  the  world,  after  years  of 

discussion  and  experiment,  still  manifest  for  this  gage, 
would  seem  to  indicate  that  whether  its  adoption  was  orig- 
inally a  matter  of  accident  or  of  design,  it  has  been  pre- 
served as  the  gage  of  the  greater  part  of  the  railways  as 
yet  built  as  a  matter  of  convenience  and  of  advantage,  and 
not  from  a  mere  aversion  to  change  or  from  caprice. 
Thespeciaicon-     The  experience  of  narrow-gage  roads  seems  to  have  shown 

narrow  frace  is  that  for  rcgious  not  thickly  inhabited,  not  afifprding  a  large 

°  *^    *  railway  traffic,  presenting  in  the  topography  of  the  country 

difficulties  of  construction  by  reason  of  the  heavy  gradients 
and  short  curves  to  be  surmounted,  the  roads  of  less  gage 
are  the  best,  because,  while  they  possess  ample  carrying  ca- 
pacity for  the  wants  of  such  a  country,  they  are  more  cheaply 
built  and  more  cheaply  worked  than  roads  of  the  ordinary 
width  between  the  rails. 
Onr  interest  in     The  subjcct  is  ouc  of  profouud  iutcrcst  to  all  countries. 

It  e  su  jeo .        ^^^  ^^  none  of  more  importance  than  to  ours,  with  a  vast 

territory  yet  unsupplied  with  adequate  means  of  transport, 
with  enormous  resources  yet  to  be  utilized,  and  with  a  popn 
lation  ever  ready  to  devote  their  energies  with  restless  and 
resistless  activity  to  pressing  forward  old  and  building  up 
new  industries. 

In  view  of  these  considerations,  the  exhibits  at  the  Paris 
Exposition  connected  with  service  upon  narrow-gage  rail- 
roads were  studied  with  much  interest. 


I>A1>DL8-TANK  BSGI KB— NARROW  OAUOB  (36"). 
Black,  Havthorii  4'  Co.,  Galtthtad-vpon-I^ne,  Englmid. 
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There  were  admirably  constmcted  engines  exhibited  ^^  ,^j,£j7****''^**^ 
the  sections  of  Belgium,  Great  Britain,  and  Austria  which 
were  designed  for  service  upon  tramways  and  narrow-gage 
roads. 

One  of  the  most  perfect  of  these  was  the  saddle-tank  en- narrown^  en- 
gine exhibited  by  Messrs.  Black,  Hawthorn,  &  Co.,  of  Gates-  ^ttbom  a  co! 
head-upon-Tyne,  England,  a  machine  designed  for  service  ^^***  ** 
upon  light  railways  of  3^  gage.    It  had  outside  cylinders 
and  4  ci  upled  wheels.    The  action  of  the  engine  was  sim- 
ple and  direct.    There  was  no  dome  upon  the  boiler.    The 
weight  was  so  distributed  as  to  equalize  the  burden  upon 
the  4  wheels.    The  firebox  was  of  copper,  the  boiler- tubes    Detodptton. 
of  brass;  working  pressure  135  lbs.  per  square  inch,  or 
about  ten  atmospheres ;  the  weight  of  the  locomotive  in  fair 
working  order  is  about  3^  tons,  and  it  possesses  a  sufficient 
adhesion  and  tractive  force  to  haul  a  load  of  63  tons.    The 
slides,  piston-rods,  valve-rods,  crank-pins,  cross-bars,  and 
the  tires  are  of  the  best  steel,  and  the  whole  mechanism  of 
the  movement  is  of  wrought  iron,  well  chilled.    This  engine 
will  pass  with  ease  around  curves  of  a  radius  not  exceeding 
20^.     Plate  9  presents  a  side  view  of  this  locomotive  ("  Mign- 
onne'').    The  principal  dimensions  are  as  follows : 

Diameter  of  cylinders 5  in.     Dimenaioiw. 

Stroke  of  pistons lOin. 

Wheel-base 3  ft. 

Length  of  boiler 4  ft.  10  in. 

Diameter  of  boiler 1  ft.  10  in. 

Thickness  of  boiler-plate ^  in. 

Nomber  of  tubes 31 

Heating  snrfau^  of  tubes,  about 57  sq.  ft. 

Surface  of  fire-grate 2  sq.  ft. 

Total  heating  surface 67  sq.  ft. 

Diameter  of  wheels 1  ft.  8  in. 

Tires,  best  steel 4in.xliin. 

Diameter  of  Journals 3  in. 

Length  of  journals 4  in. 

Capacity  of  tank 50  gals. 

Capacity  of  coke-boxes 3  cu.  ft. 

The  feeding  apparatus  consists  of  two  No.  4  ii\jectors. 
The  boiler  has  been  tested  to  200  lbs.  per  square  inch.  The 
consumption  of  fuel  is  289  lbs.  of  coke  in  12  hours ;  that 
of  oil,  tallow,  etc.,  is  estimated  at  14  cents  for  the  same 
period. 

The  Fairlie  Engine  and  Eolling  Stock  Company,  of  Lon-    pi^riie  Engine 
don  and  Bristol,  exhibited  a  powerful  and  well-finished  io.gJ^^^>"»«»8)ck 
comotive  of  the  standard  gage,  from  the  designs  of  Mr. 
Bobert  F.  Fairlie,  the  distinguished  engineer,  inventor,  and 
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manu&cturer ;  also  designm  and  particolais  of  a  targe  noti- 
ber  of  engines  of  tbe  types  iotroduced  by  Mr.  Faulie  fw 
ser\'ice  upon  Darrow-gage  roads,  ouoibers  of  which  are  r^ 
resented  to  be  in  actual  and  sacceasfiil  use  apon  railtraysof 


gages  ranging  from  1'  11}"  to  the  standard  gage,  in  Wales. 
Ireland,  Russia,  IS'orway,  Australia,  South  America,  Mezioot 
and  elsewhere. 

The  accompanying  engraving  (Fig.  5)  represenls  an  en- 
gine of  the  Faitlie  system  built  for  a  .oad  of  3'  gage. 
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This  locomotive  has  4  cylinders,  of  13^'  diameter,  1^'  ^^  vrnir^uf-gogt 
stroke  of  pistons;  12  wheels,  of  3^  3'^  diameter,  all  coapled; 
aggregate  heating  snrfiEM^,  1,325  sqaare  feet^  capacity  of 
water-tanks,  1,450  gallons,  and  of  coal  bunkers,  1^  tons; 
weight  of  locomotive  in  working  order,  45  tons.    All  the  Figure  6.  *"^** 
wheels  being  coupled,  the  whole  weight  is  available  for 
adhesion,  and  the  traction  force  at  the  rails  is  16,200  lbs. 
The  mean  cylinder  pressure  is  100  lbs.  per  square  inch.    i>®»crip^oo- 
Several  machines  of  this  type  have  been  built  for  the  Ven-  ^^^  south^mcri* 
ezuekm  Government  railways,  and  engines  of  the  same  spe-  cj«   J^I^  ^i 
dal  design  have  been  built  upon  a  large  scale  for  the  Pisa-  ^^«^«  ^  »bort 
gna  Bailway  of  Peru,  a  line  having  gradients  as  steep  as  1 
in  25,  and  curves  of  250^  radius. 

The  following  advantages,  among  others,  are  claimed  for 
the  locomotives  of  this  system : 

(1)  That  the  arrangement  of  the  running-gear  and  the    Advantage*  ©r 
short  wheel-base  enable  the  Fairlie  engine  to  pass  around  gine. 

short  curves  without  iivjury  to  the  track  or  strain  upon  the 
machine,  and  the  arrangement  of  the  under  frames  to  the 
boiler  admits  of  free  movement,  vertical  and  horizontaL 

(2)  That  the  whole  weight  of  the  engine  is  available  for 
adhesion,  while  yet  the  wheel-base  is  short,  and  that  the 
weight  is  so  distributed  as  to  reduce  the  load  per  wheel  so 
greatly  that  a  lighter  rail  may  be  employed  than  could  be 
safely  used  with  an  ordinary  and  much  less  powerful  ma- 
chine. 

(3)  That  the  large  heating  surface  secured  will  enable  a 
narrow-gage  engine  to  haul  with  ease  up  long  and  steep 
gradients  a  load  with  which  it  would  be  impossible  for  an 
ordinary  locomotive  to  mount  such  ascents,  because  the 
steam  upon  the  ordinary  locomotive  would,  under  such  con- 
ditions, give  out,  while  the  water-level  over  the  fire-box  re- 
mains in  the  Fairlie  engine  always  constant. 

(4)  That  it  will  do  the  work  of  two  ordinary  engines 
coupled  together  much  better  than  it  would  be  possible  for 
them  to  do  it,  for  the  reason  that  two  machines  coupled 
together,  with  a  full  load  behind  them,  would  drop  their 
steam  as  quickly  as  one,  and  because,  while  the  water-level 
would  be  very  high  over  the  fire-box  in  one  of  the  locomo- 
tives, the  fire-box  of  the  other  might  be  uncovered. 

(5)  That  the  Fairlie  engine  develops  more  power  and 
at  less  cost  than  could  be  realized  with  two  locomotives  of 
the  same  vital  dimensions  of  the  ordinary  types. 

(6)  That  they  ride  smoothly  over  roads  upon  which  the 
ordinary  locomotives  would  move  with  difficulty. 

(7)  That  by  reason  of  the  above  advantages,  and  partico- 
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rauJSV^'^^^^^^y  of  the  fiu5t  that  the  power  of  these  locomotives  is  not 
limited  by  the  width  of  the  track,  "they  solve  the  problem 
of  narrow  gage  and  make  such  lines  as  efficient  as  lines  of 
the  greatest  width." 

Ko  little  attention  has  been  bestowed  upon  the  subject  of 
narrow-gage  railways  in  Great  Britain  and  upon  the  Con- 
tinent by  railway  engineers  and  constructors. 

n^OE,  FRANCE. 


Coignrimis  of    The  rcsult  of  the  experience  and  stndies  of  the  engmeers 
Kineen.  of  Francc  may,  in  the  language  of  M.  E.  Villevert,  a  dis- 

M.B.viUevert.^g|iiglj^  engineer  of  that  country,  be  summarized  as 
follows : 

That  the  lines  of  general  interest  and  thoise  of  international  and 
atrategio  importance  should  be  constructed  of  the  ordinary  4  ft  8^  in. 
gage  already  adopted  by  the  principal  railway  companies  of  the  world, 
so  as  to  allow  the  free  movement  of  trains  and  transportation  of  mer- 
chandise, war  material,  passengers,  and  troops  without  change  of  can 
or  breakage  of  bulk. 

usMoftheiMkr-     ft  is  Urged,  however,  that  there  should  be  in  France  an 

row-gage  systom.  <^      /  / 

extensive  system  of  narrow-gage  roads  auxiliary  to  the 
lines  of  standard  gage;  that  narrow-gage  roads  should 
be  built  wherever  the  lines  are  merely  of  local  interest  and 
will  not  give  an  adequate  return  for  the  outlay  necessary 
for  the  more  expensive  plant  of  the  broader  gage. 
DimeiiBions     The  roads  of  narrow  gage  now  being  advocated  in  France 

n»d-bed      and  are  of  the  following  description:  Gage,  1  meter  (39.371  in.); 

^*^'  width  of  road  bed,  12'  4:"  in  cuts,  and  upon  fills  from  11'  to 

11'  8" ;  the  masonry  of  undressed  stone,  built  in  the  ordi- 
nary way ;  the  ballast  to  be  12"  thick ;  cross- ties  6'  6"  long, 
7|"  wide,  and  5J"  thick ;  rails  to  weigh  34J  lbs.  per  yard. 
Cost  per  mUe.  The  wholc  cost  of  such  a  road  in  France  under  ordinary 
circumstances  is  estimated  to  be  about  $29,000  per  mile- 
far  less  than  half  the  average  cost  of  the  railroads  of  stand- 
ard gage  heretofore  built  in  that  country.  The  depoU, 
Diminished  bridges,  and  works  of  art  generally  are  projected  upon  a 

n^uierLil^u^^  much  Icss  cxpeusive  scale  and  less  durable  and  desirable 

materials  and  modes  of  construction  than  those  in  use  upon 
the  standard  roads.  The  cost  of  a  road  of  a  meter  gage, 
built  in  the  thorough  manner  in  which  the  roads  of  stand- 
ard width  are  usually  constructed,  would — including  fix- 
Eeiativecostof  tures,  dcpots,  shops,  rolling  stock,  etc. — probably  cost,  upon 

rwgj^J^^"*^  the  same  scale  of  comparison,  from  60  to  75  per  cent,  of  the 

cost  of  4'  8^"  a  road,  taking  the  roads  already  built  in  France 
as  criteria. 
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GRBAT  BRITAIN.  qhka?  BarrAPt. 

In  Great  Britain  and  in  the  British  colonies  and  depend-  roiOi^T^^^^ 
endes  earnest  and  enlightened  consideration  has  been  given 
to  the  subject  of  the  construction  of  narrow,  cheap,  and 
economical  railways.  The  most  remarkable,  as  it  is  the 
most  successful  of  all  the  narrow-gage  roads  to  which  my 
attention  has  been  called,  is  the  well-known  line  of  2f  11^''  ^^^Jj^***^* 
gage  from  Port  Madoc  to  Festiniog,  Wales.  ''^y- 

The  conditions  under  which  this  line  has  been  built,  de- 
veloped, and  worked  have  been  exceptional;  but  its  success 
is  connected  with  points  of  practical  interest  to  many  regions 
in  our  own  country ;  and  while  it  may  be  regarded,  perhaps, 
rather  as  a  curiosity  than  a  precedent,  still  the  results  ac- 
complished by  this  railway  iu  miniature  are  so  remarkable 
that  it  may  not  be  an  unprofitable  task  to  examine  the  sys- 
tem of  this  extraordinary  line  at  greater  length. 

The  road  is  built  from  the  shipping  port  above  mentioned    Lengih. 
to  Dinas,  in  the  vicinity  of  immense  slate  quarries  among 
the  mountains,  some  twelve  or  thirteen  miles  from  the  coast. 
It  traverses  a  wild,  diflftcult,  and  rugged  region,  overcoming  tri^Sj^V**^*"" 
about  700  feet  of  elevation  in  twelve  and  one-quarter  miles, 
the  gradients  attaining  a  maximum  of  1  in  67,  and  curves    Gradienta  ana 
of  3,  4,  5,  6,  8, 10,  and  15  chains  radius,  with  one  curve  of 
116  feet.    Since  1863  this  road  has  been  operated  by  steam 
motive  power. 

The  track  is  laid  with  double-headed  iron  rails,  weighing    Track. 
50  lbs.  to  the  yard.    The  permanent  way,  track,  locomotives, 
rolling  stock,  and  the  other  necessary  appointments  of  the 
line  are  constructed  in  a  thorough  and  substantial  manner. 

The  total  cost  of  the  thirteen  and  one-quarter  miles,  in-  Co«t 
eluding  all  outlays  for  roadway  and  appurtenances  and  large 
expenditures  incurred  in  adopting  a  number  of  changes  and 
improvements  upon  the  original  design,  has  been  £86,000 
for  the  whole  line,  or  about  $30,660  per  mile  for  plant  and 
equipment.  In  view  of  the  fact  that  this  is  only  about  one- 
sixth  of  the  average  cost  per  mile  of  the  roads  of  standard 
gage  in  England  and  Wales,  the  disparity  in  cost  is  re- 
markable. 

Such  is  the  exceedingly  difficult  character  of  a  portion  of 
the  ground  over  which  the  road  is  built  that  the  cost  of  a 
single  mile  of  the  line,  according  to  the  estimate  of  the  en- 
gineer, Mr.  C»  E.  Spooner,  would  have  been,  had  it  been 
attempted  to  build  a  road  of  4^  8^^'  g^g^?  ^  much  as  the 
cost  of  the  entire  line  has  actually  been. 

The  road  has  made  steadily  a  net  revenue  for  its  owners  Retamforcapi 
upon  the  whole  amount  of  capital  invested  of  from  6  to  13 
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OHBAT  BBTTADf.  p^t  ceot.  pcF  aiuiaiD,  and  it  is  proper  to  add  that  of  the 
£86,000  actually  represented  as  invested,  £50,000  have  been 

^^tOmSr^^^^  accumulated  out  of  the  annual  revenues. 

The  rolling  stock  embraces  9  locomotives,  of  which  2  are 

double-bogie  Fairlie  engines  with  double  boilers,  4  coupled 

Port Madoc^  wheels  to  each  bogie;  wheels,  32"  in  diameter;  cylinders, 

way.  8^";  wheel-base  of  each  bogie,  4'  6";  total  wheel-base, 

19^;  weight,  22  tons:  2  others  with  4  wheels  coupled;  8'' 
by  VI"  cylinders;  6'  wheel-base;  diameter  of  wheels,  2'; 
weight  of  machine,  10  tons :  4  of  4  coupled  wheels,  having 
soUfaig stock.  4/  g//  wheel-base,  and  weighing  8  tons:  and  1  single-boiler 
double-bogie  Fairlie,  with  8 J''  cylinders ;  14"  stroke;  wheels, 
32" in  diameter;  wheel-base  of  leading  bogie,  4'  6",  of  trail- 
mg  bogie,  3'  6" ;  total  wheel-base,  13'. 
Types  of  pas-  The  passcugcr  cars  of  this  line  embrace  three  tyi)es :  (1) 
One  having  4  wheels,  length  of  car  12',  width  6'  3",  seats 
arranged  longitudinally,  the  passengers  sitting  back  to  back, 
six  upon  each  seat ;  (2)  the  second  type,  4- wheel  cars,  divided 
into  two  compartments,  each  seating  six  persons;  \\)  bogie 
cars,  composite,  with  first,  second,  and  third  class  compart- 
ments, built  36'  or  32'  long,  6'  wide,  the  36'  cars  carrying 
six  first,  six  second,  and  thirty-six  third  class  passengers, 
and  the  32'  cars  six  first  and  forty  third  class  passengers, 
maximum  seating  capacity.  The  seats  are  arranged  as  in 
the  tou'pi%  upon  the  prevailing  type  of  passenger  coaches  in 
use  uiK)n  the  European  roads. 

The  writer  rode  over  this  road  twice,  and  through  the 

Mr.c.E.spoonor.  courtcsy  of  Mr.  C.  E.  Spooner  was  permitted  to  ride  upon 

"Little Wonder." ^jjg  locomotive,  "Little  Wonder,^  and  also  upon  the  bogie 
passenger  coaches  and  one  of  the  slate-wagons — the  last 
of  a  train  of  some  thirty  cars  and  wagons.  The  smoothness 
with  which  the  train  passed  the  sharp  curves  and  over  the 
heavy  grades  of  this  miniature  line,  the  freedom  from  un- 
pleasant shocks  and  jars,  the  remarkable  evenness  and 
absence  of  oscillation  in  the  running  of  the  locomotive, 
even  upon  the  difficult  portions  of  the  line,  were  greatly  to 
be  admired. 

The  whole  of  the  rolling  stock  is  provided  with  central 
couplings  and  buffers,  which  greatly  facilitate  the  passage 
of  curves. 
Speed.  The  trains  are  run  at  a  speed  of  from  10  to  25  miles  an 

hour,  sometimes  attaining  a  velocity  of  30  mile«  or  more 
without  injury  to  the  rolling  stock  or  track. 

The  line  in  its  construction  and  equipment  and  manage- 
ment is  a  monument  to  the  engineering  skill  and  the  effi- 
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ciency  and  faithfulness  of  the  officers  of  the  company  and 
their  assistants. 

Portable  railways. 

M.  Decaaville,  sr.,  of  Petit-Bourg  (Seine-et-Oise),  exhib-  ^^  .^^foj^f*™" 
ited  an  iron  tramway  and  its  equipment,  manufactured  at  i°*n«S'  «t<:- 
his  establishment  at  Petit-Bourg,  near  Paris,  which  are 
admirably  designed  to  meet  a  felt  want  for  a  cheap  and 
reliable  mean^  of  transportation  for  more  or  less  temporary 
use  in  the  service  of  mines,  in  forest  and  factories,  and  in 
(M)nnection  with  large  agricultural  operations,  such  as  those 
upon  a  sugar  plantation. 


M.  Decauvillc. 


Rail. 


Fig.  6. — Section  of  rail  for  farm  and  mine  tramways  (full  size),    {Decau- 

ville,  Petit-Bourg,) 


Rail-jointM. 


Fig.  7,— Joint  for  iron  tramway  sections,     (DecaumlUf  Petit-Bourg,) 

This  tramway  (Figs.  6-10)  consists  of  a  movable  iron  J^«»*^»^pti«»n  of 
track  formed  in  sections,  the  rails  being  connected  at  inter- 
vals by  iron  cross-bars.  The  sections  are  united  to  each 
other,  as  the  track  is  laid,  by  fish-joints  arranged  so  as  to 
be  securely  and  readily  bolted  to  the  rails  of  the  sections 
to  be  connected.  The  sections  are  from  4  to  18'  long,  ac- 
cording to  the  gage  of  the  road,  purposes  for  which  it  is 
to  be  used,  nature  of  ground,  and  other  conditions.  The 
gages  generally  used  are  15'',  19",  and  24".  The  rails 
are  made  of  Bessemer  steel,  are  miniature  inverted  T  rails, 
and  weigh  usually  8J  lbs.  per  yard.    The  rails  and  the 
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PorteUe railway. flat  crossbaaOa  connectiiig  them  are  inteDded  to  lieflat 
upOQ  the  groaod.    These  counecting  cross-bands  or  ban 

m.dbc»utuib.  f^j^  arranged  at  intervals  of  4'  or  leas.  A  track  of  either 
of  the  gages  mentioned  will,  it  is  claimed,  bear  a  normal 
weight  of  one  ton  for  each  car-axle  if  it  resta  npon  a  amootii 

DeMription.  and  solid  snrfftce,  and  if  located  upon  au  irregular  snrfaoe, 
as  would  generally  be  the  caae  when  used  for  a  temporary 
purpose,  would  sustain  a  burden  of  one-half  of  a  ton  for 
each  axle.  The  annexed  figures  fairly  represent  the  rub 
uaed  for  this  tramway  and  the  method  adopted  for  connect- 
iDg  the  sections  of  the  track.    A  complete  section  of  track 


18'  in  length  will  weigh  about  104  lbs.,  and  can  be  readily 
carried  by  one  man.    The  track  can  thus  be  rapidly  taken 
up,  moved,  and  relaid.    Sections  of  curved  rails  and  aboit 
sections  are  provided  for  taming  carves. 
The  wagons  are  constructed  with  i  and  sometimes  witli6 
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wheels,  mid  of  various  designe,  according  to  the  uses  tar^"*'**' 
which  they  are  iutended,  and  are  designed  to  cany  ttom 
900  to  2,000  lbs.  or  more,  each,  according  to  the  character   ^■ 
of  the  ground  and  the  weight  of  the  rail  used. 


FlO.  0. — DteauviWt  Iromwajr  cor  tucd  in 


The  accompanying  illustrations  (Figs.  6-10)  illustiate  the 
plan  of  coDstructing  this  tramway,  and  some  of  the  modes 
in  which  it  may  be  used. 

Street-railway  car9. 

The  deeigns  of  the  oars  in  use  upon  street  railways  in 
Europe  seem  to  have  been  geueraUy  borrowed  from  Amer- 
ica. Those  in  use  upon  the  tramways  of  Paris  are  admira- 
bly arranged,  oommodioiis,  and  convenient.  IJpoa  some  of 
the  lines  of  the  "  General  Omnibus  Company "  of  Paris,  Oeouai  omoi 
which  operates  many  miles  of  tramways  in  that  city,  the 
cars  are  provided  n-ith  a  double  row  of  seats  upon  the  top, 
the  passengers  sittiog  on  the  top  benches  back  to  back,  and 
they  have  conveniently  designed  stairways  at  each  end  for 
ascending  to  the  top. 

The  larger  cars,  those  on  the  principal  lines,  seat  20  pas-  SHiing  ud 
sengera  on  top,  22  inside,  and  afford  standing  room  for  6tyoic^"'*°' 
passengers  upon  the  platform.  The  guard  never  allows  a 
larger  nnmber  to  get  upon  the  oar.  These  lines  are  man- 
aged with  great  system,  and  the  cars  are  run  with  com- 
mendable regtdarity,  and  a  marked  regard  is  shown  for  the 
comfort  and  coavenie&ce  of  the  passengers. 
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atnt-raotnn     The  fere  for  any  distonce  npon  any  line  or  to  any  point 

npoD  a  oosuecting  line,  with  a  "  transfer  "  or  ''  correBpond- 

i.iScJ'rf SS»I  *"** "  ticket,  is  6  cents  below;  for  any  distance  upon  the 

same  line  the  &re  on  top  ia  3  cents,  or  with  a  "correspond- 

Fanw.  enoe"  fof  a  connecting  line  6  cents. 


FiO.  10. — Ttaaiwag  o/  ike  DetaHville  igtkm/or  —tgarplai 


inaideuddcck  [n  keeping  with  the  observuice  of  class  distinctious,  w 
Gonspicuona  everywhere  in  Earope,  the  top  waa  deasned 
originally  for  the  peasant  and  laboring  popnlation  of  Parit. 
but  in  good  weather  the  deck  seata  are  considered  by  maii.T 
persona  the  most  desirable,  and  are  occapied  iDdiscrimi- 
uatcly  by  all  classes  of  pasbeugers. 
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The  general  plan  and  construotion  of  the  cars  is  that     titrui^rauway 

ctirt. 

adopted  in  the  United  States,  except  that  the  wheels  upon 
one  side  are  made  tcithout  flangesy  so  as  to  facilitate  the  pas-    Oenena  onmi. 
sage  of  curves  and  the  hauling  of  the  car  oflf  from  the  track  "*  ^***'  *^' 
should  any  interposing  obstacle  obstruct  the  track  and  ren- 
der it  necessary  to  move  the  cat  around  and  on  to  the  track    The  trMk. 
again.    The  track  is  grooved,  and  the  wheels  upon  one 
side  of  the  cars  are  constructed  with  a  flange  or  head,  which 
runs  in  the  groove  of  the  rail. 

There  were  a  number  of  cars  and  locomotives  for  use  upon 
tramways  in  cities  exhibited  in  the  French  and  other  sec- 
tions. Among  their  attractive  collections  of  exhibits  none  AmerioaD  ex. 
were  more  admired,  and  none  of  better  workmanship  or 
more  tastefully,  indeed  beautifully,  decorated,  and  more 
conveniently  arranged,  than  the  American  street  cars  ex- 
hibited in  the  United  States  section,  manufactured  by  J.  G.  J-  ^-  ^"^^ 
Brill,  of  Philadelphia,  and  by  the  John  Stephenson  Com-    JoJ^  Stephen 

/.-^T        -«-     »    .#..1  r«i  «        .     .,  »on Company. 

pany,  of  New  York  City.  There  were^no  cars  for  similar  uses 
exhibited  from  any  other  country  which  were  as  well  de- 
signed or  of  better  finish  than  the  three  street  cars  exhibited 
by  the  manufaicturers  last  named.    They  were  of  types  too    BxceUentinde. 

•/  •/  JT  uLga    and  work- 

well  known  in  this  country  to  render  any  description  neces-  manehip. 
sary,  but  in  the  thoroughness  and  beauty  of  their  execution 
and  workmanship  they  have  scarcely  been  ever  surpassed 
in  any  country.    The  same  may  be  said  with  equal  empha- 
sis of  the  car  from  the  works  of  Mr.  Brill. 


The  engines  and  cars  for  service  upon  tramways  exhibited  J^H^***^^*^ 
by  the  SocieU  OinSrale  des  Moteurs  &  Air  CamprimSy  are  deserv- 
ing of  notice  in  this  connection.    The  cars  are  of  the  ordi- 
dary  type  in  use  upon  the  street  railways  in  Europe,  as 
shown  by  the  plate.    The  locomotive  is  of  the  system  of  M .  wfKjS  **'  ^* 
L.  M^karski,  and  is  propelled  by  means  of  compressed  air. 
In  some  cases  there  is  a  single  car  and  the  motor  is  placed 
upon  it,  as  indicated  in  Fig.  12.  The  '^  society  ^  exhibited  also  Ftgnres  ii,  12,  is. 
a  locomotive  constructed  upon  the  same  principle,  designed 
for  service  in  mines. 

The  motor  for  hauling  passenger  cars  upon  tramways  is 
designed  for  lines  of  easy  grades ;  and  for  a  course  of  from 
seven  to  nine  miles  the  machine  will,  it  is  claimed,  haul  the  Length  ofconne. 
cars  carrying  46  passengers  without  being  recharged.  The 
reservoirs  contain  450  lbs.  of  air,  and  the  receiver  incloses 
40  gallons  of  hot  water.    The  air  is  forced  by  powerful .  Mode  of  charg 

•'     *  ing  reservoir. 

pumps  into  the  receiver  through  the  water,  as  indicated  in 
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^™i«"»*°''  Fig.  11,  ontil  a  pressare  of  30  atmospheres  is  secnred,  when 
the  machine  is  considered  charged  and  ready  for  seirice. 
STitcm  or  M-  It  is  claimed  that  the  motors  of  this  system  have  beeo  and 
«an  be  used  vith  great  economy,  and  tbatnpon  the  score  of 
convenience  it  is  to  be  preferred  to  any  other  motive  pover 
yet  iiitrodaced  for  service  npoa  street  railways — 

ti^n^*'  "  (1)  Bocftuae  horses  are  not  frightened  by  the  noiaeand 
smoke,  as  is  often  the  case  where  steam-engines  are  used 
npon  thoroaghfares ; 

(2)  Because  the  dangers  of  explosion  are  avoided  ; 

(3)  Because  tbey  are  ran  without  sparks,  cinders,  or  smoke. 


Fig.  11.— Section  of  motor,  $hou!ing  reeeirer  parity  diarged. 


I'i  The  engine  and  cars  intended  for  nse  npon  street  railwsye 
and  tramways  exhibit  by  the  "Continental  Company  for 
the  Mannfactiire  of  Fireless  Locomotives,"  tbongh,  like  tlie 
exhibits  last  described,  of  an  exceptional  and  as  yet  an  ei- 
perimental  type,  were  creditable  to  the  skill  and  ingenuity 
of  the  geiitiemen  after  whose  designs  they  were  bnilt.  Tbe 
locomotive  which  embodies  what  is  claimed  to  be  new  in 
the  system  is  of  the  type  introduced  by  the  American  in- 
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atoi-  Dr.  Lamm,  with  certain  improvemeDts  engrafted  ,,i^J^*'^*»»*"*' 

on  the  invention  of  Dr.  Lamm  by  M.  L6on  Francq.    The 

item  is  substantially  the  same  which  has  been  in  use  upon  [.^[^J^pJo^ 

■eet  railways  in  the  cities  of  New  York  and  Brooklyn,  and  j^^'     ""■' 

a  still  laricer  extent  npon  the  lines  of  street  railway  at 

iw  Orleans  owned  by  the  company  of  which  General  G.  atJ^t^t^ 

UnlttdStMs*. 


Beauregard  has  been  the  president.    This  system  seems  .   ,h?"?Slr^ 
be  regarded  by  French  engineers  who  have  given  it  their  ^"^  "^vf,^ 
refnl  attention  as  decidedly  superior  to  that  of  M.  M^-  ^i- 
rski,  known  as  the  "compressed-air  locomotives."     In- 
ed,  it  has  been  pronounced  to  be  the  best  substitute  yet 
fgested  for  steam-locomotives  or  horses  as  the  motive 
wor  of  street  cars. 
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This  system  rests  upon  the  application  of  the  establislied  J^^"""*"^' 
physical  fact  that  a  pound  of  water  conflnetl  in  a  tightly 
inelosHl  space  will  store  np  in  llie  process  of  coiidcnsatiou 


a  quantity  of  steam  equivalent  at  the  leaat  to  the  ninth  part 
of  the  weight  of  the  water.    This  »teattt  disengages  itself 
ftom  the  water  as  soon  as  a  vent  is  presented  for  its  escape, 
30  P  E VOL  4 
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wSo^******^^"^^  when  permitted  to  discharge  itself  into  the  cylioders  of 

a  locomotive  engine  it  will  develop  a  very  considerable 

System  of  tractive  power  (estimated  at  1,800  kilo  meters  for  each  kilo 

Fi w«  14.  ^'  of  water  used).  In  the  engine  exhibited  the  reservoir  was 
designed  to  hold  400  gallons  of  water,  into  which  was  to  be 
injected  steam  surcharged  with  heat  until  its  temperatoie 
reached  200^  centigrade. 

viTOM^MsT  The  locomotive  so  charged  has  been  used  successfally 
upon  the  line  of  tramway  from  Eeuil  to  Marly-le-Koi,  in  haul- 
ing two  coaches  carrying  together  60  passengers,  a  distance 
of  about  ten  miles,  without  being  recharged ;  and  this  has 
been  accomplished  upon  a  line  upon  which  it  is  said  that 
there  are  gradients  of  3  in  100,  and  not  less  than  fifty  carves 
having  a  minimum  radius  of  98  ft. 
Boonomy  oom-     It  is  claimed  that  the  experience  upon  this  line  has  de- 

iwredwithatoMD.  ^Qjigijated  that  the  saving  actually  realized  by  the  employ- 
ment of  fireless  engines  of  this  type,  instead  of  the  ordinaiy 
steam-locomotives,  has  been  at  least  40  per  cent. 

Figure  14  represents  the  locomotive  exhibited  by  the 
^^  Continental  Company  for  the  Manuiacture  of  Fireless  Loco- 
motives." The  400  gallons  of  water  which  the  reservoir 
holds  is  raised,  as  stated,  to  200^  centigrade  (representiiig 
16  atmospheres).  The  cylinders  are  74''  in  diameter  by 
8.125''  stroke.  The  wheels  are  24.67"  in  diameter.  The 
weight  of  the  machine  is  6  tons,  empty.  It  is  designed  to 
move  either  forward  or  backward. 


mmfliMloiis. 


Having  thus  passed  in  rapid  review  some  of  the  more 
important  contributions  to  the  Paris  Exposition  connected 
with  the  subject  to  which  this  report  relates,  I  proceed  now 
to  briefly  mention  some  matters  belonging  to  the  railway 
practice  as  illustrated  at  the  Exposition  which  could  not  be 
well  considered  with  relevancy  in  any  other  connection. 

Brakeiondt^- 

naUnoapparatuM.  Brokcs  and  apparatus  for  signaling  trains. 

There  were  several  systems  of  railway  brakes  represented 
Westinghoufle  upon  the  cars  and  trains  of  cars  at  the  Exposition.  Of 
these  the  Westinghouse  automatic  brake,  so  well  and  favor- 
ably known  in  this  country,  was  by  common  consent  ac- 
corded the  first  place  in  point  of  excellence.  It  fulfills  all 
of  the  conditions  laid  down  by  the  highest  railway  authority 
in  the  best,  the  simplest,  and  the  most  effective  manner  y^ 
attained  by  any  apparatus  introduced. 
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The  British  Board  of  Trade,  after  an  exhaastive  study  ^j^^J^^**2S 
and  investigation  of  the  subject,  has  laid  down  the  following  ^^^  ^***^  **' 
as  the  essential  conditions  of  an  effectiye  continuous  brake :  * 

(1)  ^^The  brakes  to  be  e£ELeient  in  stopping  trains,  instan- 
taneons  in  their  action,  and  capable  of  being  applied  with- 
out di£ELculty  by  engine-drivers  or  guards." 

(2)  <<  In  case  of  accident,  to  be  instantaneously  self-acting." 

(3)  ^^The  brakes  to  bo  put  on  and  taken  off  with  facility 
on  the  engine  and  every  vehicle  of  the  train.'' 

(4)  "The  brakes  to  be  regularly  used  in  daily  working." 

(5)  "The  materials  employed  to  be  of  a  durable  character 
so  as  to  be  easily  maintained  and  kept  in  order." 

The  Westinghonse  brake  has,  bv  a  long  and  thorough    wwe  m  and 
trial  upon  railroads  in  the  United  States  and  in  Great  enov  of  the  weat- 
Britain,    France,    Germany,    Belgium,   and    the    British        °** 
colonies,  established  beyond  controversy  its  satisfactory 
fulfillment  of  all  of  these  requirements,  and  it  must  be  con- 
ceded that  no  other  brake  yet  introduced  so  well  and  so 
thoroughly  meets  them  all.    The  advantages  possessed  by 
this  admirable  contrivance  were  illustrated  by  an  excellent 
exhibit  in  the  section  of  the  United  States,  and  also  upon 
the  cars  exhibited  by  the  Western  Bail  way  of  France,  but        sxhibH  on 
nowhere  were  its  merits  more  happily  illustrated  than  upon  SS"  EaUwi^**^ 
the  Ceinture  Railway  at  Paris.    The  hundreds  of  thousands  *'™°<*- 
of  passengers  who  used  that  line  in  going  to  and  from  the 
Exposition  and  in  going  from  point  to  point  in  the  city  and 
its  environs  had  an  excellent  opportunity  for  observing  its 
superb  working,  the  smoothness,  the  ease,  and  yet  the  sud- 
denness with  which  trains  heavily  loaded  were  stojiped 
without  a  jar,  and  absolutely  without  any  unpleasant  oscilla- 
tion or  concussion,  in  a  distance  which  a  few  years  since 
would  have  been  deemed  incredibly  short. 

It  is  probable  that  this  brake  has  been  used  upon  no  road    ohmnin  de  /er 
anywhere  more  successfully  than  upon  this  metropolitan*^         ^*' 
railway  of  Paris,  and  it  is  certain  that  no  other  similar  ap- 
pliance has  anywhere  accomplished  such  satisfactory  results 
as  have  been  there  realized. 

Railway  signaling  apparatus.  signaUngappa- 

ratut. 

In  the  design,  construction,  and  ef&cient  working  of  rail- 
way signaling  apparatus  Messrs.  Saxby  &  Farmer,  of  Kil-saxby&Farmei. 
bum,  London,  England,  have  attained  a  pre-eminence  of 
merit  only  equaled  by  that  of  the  Westinghonse  Air  Brake 
Company  in  their  special  department. 

The  system  of  Messrs.  Saxby  &  Farmer,  designed  and  per- 

*  Circalar  of  Board  of  Trade,  London,  August  30, 1877. 
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^sigwMngappa-  fected  by  their  manager,  Mr.  Hodgson,  combines  Uie  two 

systems  known  as  the  ^^  block"  and  ^^  interlocking"  systems, 

loSinK^tei^'  ^^  ®^^^  manner  that  each  is  absohitely  interdependent  upon 

the  other.  The  mechanical  union  of  the  two  systems  has 
Mr.  Hodgson,  been  most  ingeniously  and  thoroughly  accompUahed  by  Mr. 
Hodgson  in  this  admirable  invention.  The  apparatus  is  so 
contrived  that  the  danger  arising  from  a  possible  contradic 
tion  between  the  block  telegraph  signals  transmitted  from 
one  station  to  another  and  the  out-door  signals  exhibited  to 
the  engine-drivers  seems  to  be  practically  and  thoroughly  ob- 
viated. This  apparatus  has  been  largely  introduced  upon  the 
railways  of  Great  Britain  and  the  Continent  of  Europe,  and 
has  been,  it  is  stated,  adopted  by  the  Pennsylvania  BaHroad 
Company,  with  very  satisfactory  results.    It  was  illustrated 

the  ^^*dm  *'  ^y  ^^  exhibit  at  the  Centennial  Exhibition  at  Philadelphia  in 

1876,  since  which  time  it  has  been  steadily  growing  in  &v(v 
and  in  the  appreciation  of  those  who  have  studied  its  merit& 
Bffloienoy.  It  is  ccrtaiuly  an  admirable  arrangement,  and  seems,  so 

far  as  human  contrivance  can  accomplish  it,  to  absolutely  re- 
move all  danger  of  accidents  and  collisions  at  station  sarising 
from  the  carelessness,  negligence,  stupidity,  or  the  misappre- 
hension of  the  signalmen  or  the  locomotive  engineers. 


It  will  be  observed  that  this  report  has  been  confined 
almost  entirely  to  the  railway  and  tramway  practice  of  trans- 
atlantic countries  represented  at  Paris,  and  that  but  brief 
mention  is  made  of  a  few  exhibits  in  the  classes  covered  by 
BeasoDs  for  the  report  furnished  from  the  United  States.    The  reasons 

eonflning  the  r©-  ,  _, 

port  principally  for  this  Were  two-fold :     (1)  The  reading  and  thinking  pubuc 
its.  ^^  ^  **      in  America  is  already  so  familiar  with  the  features  of  the 

railway  practice  of  this  country  that  nothing  would  be  ad- 
ded to  the  possible  interest  of  such  a  paper  as  this  by  a  dis- 
cussion of  American  railway  appar:;tus  and  appliances;  and 
(2)  the  exhibits  relating  to  this  subject  sent  from  the  United 
States  to  the  late  Exposition  were  by  no  means  fairly  repie- 
sentative  of  the  best  American  railway  practice. 

It  is  particularly  to  be  regretted  that  the  collection  of 
American  i*ai1way  rolling  stock,  machinery,  and  material 
should  have  betn  so  meager,  and  therefore  so  unsatisfactory. 
The  machinery,  vehicles,  and  practice  adopted  upon  rail- 
roads and  in  the  construction  and  working  of  railroads  in 
the  United  States  are,  to  a  great  extent,  so  different  fix)m 
those  in  use  in  the  Old  World,  and  in  many  particulars  for 
thewantsof  a  country  like  ours,  and,  it  would  seem,  for  vast 
sections  of  the  eastern  continents  as  well,  are  so  superior 
to  the  systems,  methods,  and  appliances  generally  in  vogue 
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in  Europe,  that  it  would  have  been  well  for  American  man-  ijy.?f3i/^55JlJ5Jt 
ufacturers  of  railway  rolling  stock,  machinery,  and  fixtures  ^!jj^^/|^ 
to  have  availed  themselves  of  this  fair  opportunity  for  ex-  been   to   Enro- 
hibiting  tJie  special  merits  of  their  machines,  cars,  and  ap- 
paratus to  the  nations  of  the  world.    Certainly  this  country 
would  have  lost  nothing  by  the  comparison  which  would 
have  thus  been  rendered  practicable. 
The  few  exhibits  of  this  class  from  the  United  States  were,      9^  ^^^ii'^i" 

'  excellent  of  their 

however,  generally  excellent  of  their  kind.     The  West- kind, 
inghouse  brake  has  been  already  noticed,  and  brief  mention  ^^"JJ^®***"*^®"*** 
has  been  made  of  the  Pullman  palace  sleeping-car.    This    PaUmanoar. 
latter,  a  beautiful  and  admirably  arranged  vehicle,  was  the 
only  railroad  car  furnished  to  the  Exposition  from  the  United 
States.    It  attracted  the  attention  of  many  thousands  of 
European  visitors  to  the  American  section,  and  was  greatly 
admired  and  commended  by  those  familiar  with  the  demands 
of  modem  railway  travel.    Indeed,  no  other  passenger  coach 
designed  to  be  used  as  a  sleeping  car  exhibited  by  any^^P^^J^y 
country  equaled  the  cars  of  the  Pullman  system  in  comfort 
and  convenience,  the  economy  <.f  space  realized,  and  many 
other  advantages  which  they  possess  in  an  eminent  degree 
for  the  accommodation  of  passengers  by  day  and  by  night. 
The  only  locomotive  from  the  United  States  was  one  of  pwia.  &  Read- 

ing  Railroad  lo- 

the  ordinary  powerful  freight  engines  of  the  Philadelphia  comotive. 
and  Beading  Eailroad  Company,  adapted  for  the  use  of 
an  thracite  coals.    It  fairly  illustrated  the  simplicity  and 
excellence  of  a  type  of  locomotive  in  use  in  this  country. 

The  collections  of  cast-iron  car  wheels  furnished  by  Messrs.  ^^^  Ca»t-iron  car 
A.  Whitney  &  Sons,  of  Philadelphia,  and  by  Messrs.  Bar-    a.  Whitney  & 
nnm,  Richardson,  &  Co.,  of  Lime  Rock,  Conn.,  are  deemed  "°Barnum,  Rich- 
worthy  of  special  mention  and  com  mendation.   These  wheels,  "^*'*°"  ^  ^°' 
in  point  of  strength,  security,  and  durability,   compared 
favorably  with  the  best  types  of  wroughtiron  steel-tired 
wheels  so  largely  used  in  Europe,  and  in  point  of  cheapness 
of  cost  and  economy  realized  in  their  use  had  greatly  the 
advantage  of  the  car  wheels  of  the  European  systems. 

In  concluding  this  report  I  beg  leave  to  acknowledge  the  Aoknowiedg. 
valuable  assistance  afforded  to  me  by  Mr.  E.  R.  Archer,  M.^^e-r.  Archer- 
E.,  of  Richmond,  Va.,  in  prosecuting  studies  and  investiga- 
tions and  obtaining  data  largely  used  in  its  preparation,  and 
to  the  Commissioner  General,  Mr.  McCormick,  for  uniform 
courtesy  and  kindness  and  for  such  assistance  as  it  was  in 
his  pow^  to  render  me  in  the  discharge  of  the  duty  to  which 
I  was  assigned. 

WILLIAM  A.  ANDERSON, 

Additional  Commissioner. 
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Alaska  (tee  United  States). 

Alban, -process  of  manufacturing  crude  soda 38 

Albani  Mines  (Pesaro,  Italy),  sulphur. flS 

Alcacer  do  Sal  (Portugal) — 
mining  industry — 

cool 3* 

AlcsHi  &  Bonaventura  (Messina,  Italy),  essential  oils,  concentrated  lemon-Jnioe M2 

Alfonide  (tee  Mining). 
Algeria  (tee  France :  colonies). 

Algiers,  a  department  of  Algeria  (tee  Fi-ance :  colonies :  Algeria). 
Alicante,  province  of  (Spain) — 
mining  industry- 
lignite 814 

A^nstral  (Portugal) — 
mining  industry — 

copper  pyrites 120 

Allan,  straight-link  motion  for  locomotives 443 

Allen  &Hanburys  (London,  England),  Jt^ubes 130 

Alsing,  T.  O.  (Koping,  Sweden),  albumen 18 

Altai  Mountains  (Russia) — 
mining  industry — 

iron  ..  247 

Altarilla  (Italy)— 

chemical  induatrj* — 

sulphur SI 

Alum  (ue  Chemistry;  alto.  Mining). 

Aluminium  (tee  Chemistry;  aito,  Sfetal- working ;  atto,  Mining). 

Amaha,  B.  (Kochi,  Japan),  indigo 14* 
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Page. 
Amak,  ialand  of  (Denmark)— 

chemical  ixMlostry — 

sulpboric  acid 77 

saperpbospbatM .' 77 

America,  Am<:rican  {see  United  States). 

American  Pharmaceutioal  Association,  analyses  of  quality  of  sap&r-coated  pills —         156 

American  Watch  Company  (Waltbam,  Mass.)— 

exhibit  of  watobes 40^406,411 

gold  medal  awarded 405 

exhibit  at  Centennial  Exhibition.  187G,  referred  to 406 

report  apon  their  works  in  Centennial  Reports,  referred  to 400 

system  of  mannfactore  by  machinery , 408 

economy  of 408, 41 1 

adyantafce  of  interchangeable  parts 408,400 

oi>eratiTes  employed 409, 411 

organization  of 400 

prodnction  of  watches  and  parts 400, 410, 41 1, 414, 415 

exports  to  Australia 410 

Great  Britain '. 410 

India 410 

improyements  in  oonstmction 412-414 

prodnction  increased  by  international  exhibitions 414, 415 

Ammeberg  (Sweden) — 
mining  industry — 

cobalt 287 

copper 287 

ore-4ressing  works 287 

cino  blende 266, 287 

roasting  Aimaces 287 

Amoor,  goremment  of  (Siberia,  Bnsssia)— 
mining  industry — 

gold 248 

Amsterdam  (Netherlands) — 
chemical  industry- 
acid,  hydrochloric 02 

nitric 92 

sulphuric 92 

carbon,  bisulphide 92 

cinchona 141 

iron,  sulphate 02 

peptones 140, 141 

soda,  sulphate 92 

vanilla 141 

Anaryssoe  (Greece) — 
chemical  industry- 
salt 91 

Anderson,  Thomas  (Glasgow,  Scotland),  production  of  oxy anthracene  (anthraquinone)  and 

aHsarine 101 

Anderson,  Dr.,  superintendent  of  cinchona  cultivation  in  Sikkim,  India   139 

AKDKR0ON,  William  A.,  Additional  Commissioner— 

Rkpobt  05  "Railway  Apparatus  and  Mkaks  ofTranspokt" 417-469 

Andoc  Island  (Norway) — 

coal  deposits 2(J8 

AndreiB,  V.  (Fleurier,  Switzerland),  extracts  of  Alpine  plants 155 

Anglenr  (Belgium)— 
mining  industry- 
zinc 286 

foundry 286 

rolling  mill 286 

Anizy-lo-ChAteau  (France)— 
chemical  industry— 

atropine 118 

conidne,  bromo-bydrate. 118 

datnrine 118 

"Annuaire  de*  Minee,  d'aprit  U  Service  dee  Mines''  (France),  cit<Ml 183  noU 

'  'Annual  Report  of  the  Department  of  Mines, "  New  South  Wales,  cited 243, 24« 


474  INDEX. 

PlA. 

Annonia,  Conn. — 
manofiujtiires — 

clocks lot 

Aoiwnia  Clock  Company  (Ansonia,  Conn.),  exhibit  of  olooka 405 

bronze  medal  awarded 106 

Anthracene  («e«  Chemistry:  monnfiMsturea.  etc.:  alizarine;  aUo,  Chemistry:  products). 

Antbroquinone  (iee,  aUo^  Chemistry) — 

definition  of IM 

Antimony  (m«  Chemistry ;  aUo,  Mining). 

Antofogasta  (Pern) — 

exports  of  nitrate  of  soda tt 

Anyers  (Belginm) — 
chemical  industry— 

sulphur TS 

mining  industry — 

imports  zinc  ore  from  Lanrium,  Greece W 

Anzin  (France)— 

chemical  industry- 
essential  oils IW 

peppermint 116 

mining  industry- 
coal  discovered  (1784)  IW 

coal  mines,  first  steam-engine  in  France  used  in 176)  177 

Compagnie  des  Mines  d'Anzin,  works  of 177,182,18 

Aosta  Valley  (Piedmont,  Italy) — 
mining  industry — 

pyrites •* 

anthracite  coal  (unimportant) 3W 

Apothecaries'  business  encroached  upon  by  the  increase  of  **  elegant  pharmacy  " lli^  US,  157,  ISB 

Appleby  Bros.  (London,  England),  hoisting  engines VA 

Appleton,  Tracy,  &.  Co.,  organizers  of  the  American  Watch  Company  {whieh  me) ^ 

Arad  (Hungary) — 
chemical  industry— 

coniine li* 

quinine,  tannate M* 

santonine li* 

Archer,  E.  R.  (Richmond,  Ya.),  assisted  in  preparation  of  report  on  "Kailwat  Appabatds*'..  .        M* 

Argentan  (m«  Mining). 

Argenteuil  (France) — 
chemical  industry- 
quinine ,.        VO 

ARGENTINE  REPUBOC— 

Cbemistbt  and  Phabmact— 

exhibit 9fr,ll4 

products- 
allspice 154 

anise 154 

Oapii  cati  (imti-asthmatic,  diui  etic) 154 

coca 154 

eucalyptus  preputttions ^ 154 

flax-seed 154 

gnarana 154 

jaborandi \ 154 

mat6 154 

potro  (wild  horse),  oil  of 154 

soap  from 154 

quebracha  resin 154 

soda  ash W 

sulphur W 

tartar,  cream  of U 
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AxgHBttte  (««•  Mining), 
▲riaona  (Me  United  States). 
ArkansM  (Me  United  States). 

Annet  de  Lisle  &,  Co.  (Nogent-sar-Mame,  France),  salts  of  dnohona  alkaloids,  quinine 117 

Annaby,  H.  P.  (United  Statea),  theozy  of  the  reaction  in  the  manu£soture  of  superphosphates  . .  67 

Amts^iias,  B.  H.,  manager  of  the  Billiton  Company  (Dutch  Sast  Indies),  collective  exhibit  of 

mining,  etc MO 

Arrott,  A.  B.,  (Saint  Helen's,  England),  process  of  mannflictaiing  caustic  soda 51 

Arsenic  (me  Chemistry ;  oZfo.  Mining). 

Aaeptine  and  Amykose  Manufacturing  Company  (Upsala,  Sweden),  preservatiye  preparationa 

from  boric  acid Ifi2  163 

ASIA  MINOB^ 

Cbkiocal  Indubtbt— 
materials 

borate  of  lime 69 

used  in  borax  manufkcture  in  Prance 60,84 

Scotland 80 

Turkey 80 

castor-oil  beans 142 

exported  to  Italy liS 

sponges 126 

AaniAres  (France) — 
mining  industry— 

sine-white  works  387 

Asselin  (Saint-Denia,  France),  method  of  producing  oxalic  add 63 

Assoro  (Italy)— 

chemical  industry — 

sulphur 03 

Astrup,  M.  n.  (Christianaund,  Norway),  cod-lireroil 146 

Aaturiaa,  province  of  (Spain)-^ 
mining  industry — 

coal 3141 

Athns  (Belgium)— 
mining  industry- 
iron 280* 

Atkinson  ((jeorge)  &  Ca  (London,  England),  essential  (rils,  camphor,  lodidea,  bromides,  mercury, 

salta 128 

Attica,  mines  of  (me  Greece:  mining  industries;  obo,  Laurium). 

JLtvidaberg  (Sweden)— 
mining  industry- 
copper  264 

smelting  works 284 

Andemars,  L.  ((reneva,  Switaerland),  watohea 407 

Audieme  (IlnistAre,  France)— 
chemical  induatry — 

bromine 82 

iodine 82 

potash,  sulphate 82 

potassium,  chloride 82 

sodium,  chloride 82. 

Anssig  (Bohemia,  Austria) — 
chemical  industry- 
barium  74 

camphor   HI 

hydrochloric  acid 74 

nitric  acid 74 

potash 74 

soda 74 

sulphuric  acid 73, 74 

superphosphates 74 

Anatralia  (tea  Great  Britain:  colonies:  New  South  Wales,  Queensland,  South  Australia,  Yio- 
toria,  Weatem  Australia). 
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AU8TRIA.HXTKOABY  («m,  aito,  Adalbert,  Hrastning.  Pxibnm, 

And,  HniflobAD.  Bescliioiii, 

Ansslg.  HoBsowits.  Botsnits, 

Biala,  Idria,  SalflboTK, 

Borislav,  JoachimHtbal,  Schneeber^ 

Bozen,  Koluaz,  Simmering, 

BrasowB,  Kaman,  Smiohao, 

Brunn,  Eladno-Sclilan-Rakonite,     SteyerdorC 

Bada-Pest,  Kralup,  Steyennark, 

Carollnenthal,  Meiem,  Trieat, 

DroadoT,  Hiaalita,  Val  di  Ledio, 

Dswiniaos,  Moldova,  Vieimak 

Elbof^n,  Monfkloone,  Yillacb, 

£ngebir):e,  Olmntz.  Yonaberg, 

Fnenfkircbon,  Petrowitz,  Welwan, 

Gftya.  Pettan,  Wfirbenthal, 

Grata,  PHaen,  Zffltlial, 

Hemal,  Pirano,  Zimiwald). 

Holoabkan,  Prague, 

AOBICULTUBB— 

wine  mannfkctnre— 

lees  of,  tartaric  acid  made  from 64 

Crkmistbt  ahd  Phabxact— 

exbibit,  obemical 78-W 

pbaimacentical , 108-111 

exhibitors,  nnmber  of 7 

awards,  number  of 7 

condition  of  the  indnstry 78, 108,  ISI 

mannfitctnres— 

camphor lU 

glycerine Ill 

pflura£Bne,  fttmi  oeokerit   .* 71,7! 

potassinm— 

chloride 3 

salts,  fhnn  snint  of  wool 29,75 

soda 74,75 

solphor,  regeneration 74 

solphnric  acid 8,78,7i75 

tartaric  acid,  from  wine-lees 61^ 

toilet  articles 10M10,lll 

products,  by-products,  materials 
adda— 

hydrochloric 73, 74, 75 

nitric 78,74,75 

sulphuric 9, 73, 74,75 

tartwrio   64,78,74,75,144 

alumina,  acetate 7S 

ammonia 75 

alum 74 

canstio 75 

hydrochlorate 7J 

hyposulphite 101 

salto 75 

sulphite 78 

anatherine 101 

anise,  oil  of 10§ 

barium,  chloride 74 

beeswax 72,144 

benzine   72 

birch,  oil  of  (leather-dressing) 10§ 

bromine 75 

calcium,  acetate 71 

tartrate 75 

•camphor Ill 

carbon,  bisulphide IM 
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STRIA.HnNOABY-CoDtiiiued. 

CmUOBTBT  AND  PHABMACT— 

products,  by  products,  materials — 

carraway  oil 100^110 

cake  for  fattening  swine 110 

chocolate 144 

cinnabar 75 

cod-liver  oil i 108 

oolce 72 

coniine 144 

copper,  sulphate 78, 76 

ether 110 

extracts,  vegetable 108 

fish-glue 144 

flavoring  substances 109 

fruit  essences 109, 110 

gelatine  preparations 108, 109 

glycerine   111,144 

herbs,  and  preparations  of 109 

iodine 75 

indigo .- 144 

iron,  acetate 73 

nitrate.   74 

lead,  acetate 78, 75 

leather-dressing 109 

lime,  chloride 74, 75 

magnesia,  salts 75 

sulphate 78 

malt 110 

mercury    76 

salts    74 

mineral  waters Ill 

mustard,  oil  of 109 

naphtha 72 

oil,  cod-liver 108 

essential 109,110 

anise 109 

birch 109 

carraway 109, 110 

fennel 109 

mustard 109 

otherial... 109 

illuminating 72 

lubricating 72 

Mokerit 71, 72 

poraflSne 72 

perfumery 110 

pills 109 

potash 78 

chlorate 74 

nitrate  (saltpeter) 28, 78, 75 

prussiate 78, 75 

potassium — 

arseniato 73 

bichromate 73 

chloride 29, 74 

salts 28 

firom  snint of  wool 29, 76 

tartrate 74 

pyrites 9,74 

quinine,  tannate  144 

rose-water 110 

saltpeter  (nitrate  of  potash) .28,  73, 76 

salts,  from  sea- water 75 

of  iodine 76 

magnesia 76 
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AT8TRIA.HTJNGARY— Contiiiaed. 
Chbmibtbt  and  Phabicact— 

prodactft,  by-products,  materialB 

taltoof  meronry 71 

tin 74,78 

nnminm 71 

vanadiam 78 

aantonine 144 

sUyer,  from  solpbixrio  aoid  residnes 78 

■oap 109,110,m 

•oda — 

bioivbonate 78,74 

oaloined 73, 74 

carbonate 74 

oaoatic 78, 74 

crystals 78,74 

hyiKMolpbi  te .,. 78, 74 

lye 71 

nitrate 73,74 

sulphate 78,74,75 

sodinm,  acetate 78 

solphide 74 

tartrate 74 

sulphur 7i75 

from  soda  residnes 74 

sulphuric  acid A,  78, 7i  75 

superphosphates  57,74 

tsn-bark 144 

tartar 144 

cream  of 78, 144 

tartaric  acid 144 

thallium      .. 744 

tinsalts 74,75 

tinctorial  substances 144 

toilet  articles 109, 110,  lU 

turpentine  pitch Ill 

uranium  salts  T5 

yanadium  salts 78 

zinc,  nitrate 74 

sulphate 74 


beeswax   144 

camphor Ill 

drugs IM 

essential  oils 110 

glycerine 144 

herbs  and  preparations 181 

tan-bark 144 

tartar 144 

tartaric  acid 75»  144 

toBussia 75 

imports— 

alkaliea n 

from  Great  Britain 71 

lime,  chloride 74 

potassium,  chloride 74 

•oda,  carbonate 74 

caustic , 74 

nitrate 74 

sulphate 74 

sulphur 74 

operatives— 

number  employed 74,  !• 

Clocks  akd  Watchvs— 

exhibit m 

fineumBtic  aj^jft^n^JiEfox  v^rnlAa%                                  m 
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lUSTRIA-HUNGARY-Contliiued. 

Machikert  (Including  toola,  implement*,  appliances,  prooeaaea)— 
chemical— 

not  of  fine  quality 73 

soda  industry — 

enginea,  horse-power  employed 74 

model  of  hydrochloric  add  condenaing  tower  exhibited 74 

aalphnrio  acid  manafactnre^ 

platinum  condensing  apparatua 75 

enginea,  steam— 

▼ariable  exhaust  steam-engine,  A.  CoUmann,  Vienna,  exhibited 372-375 

perapectiTe  view  of : 37Sr 

tranarerse  aectiou  of 374* 

looomotivea  employed  (sm  Bailway  ApjMuratas) — 

employed  in  minea,  number 29C  299 

hoiating 298,298,302 

pumping 296,299 

aiiginea,  oompreaaed  air— 

used  in  Ftibram  minea 208 

enginea,  hydranlio— 

used  in  Idria  minea 302 

]B0Cal«working— 
lead— 

i«verberattng  fnmaoea,  "Commemprooeaa" 209 

quicksilver— 

extraction  proceaaea,  various 803, 804 

receivers 303 

retorto 303 

heating  with  lime 303 

ftimaces— 

Almaden(1750) 803 

Hria.  horizontal  (1787)  303 

Leopold,  quadruple  (1825) 303 

Alberti,  roverberatory  (1842)  303 

cupola 303,304 

iron-clad 303,304 

muffle 303,304 

ForUehaufl^lmgtiqftn  (revorberatory) 303 


driUs,  used  with  powder  and  dynamite 297 

hoisting,  cages  with  steol  ropea 298 

ore-dreaaing 298,299,301 

percussion  tables 298, 801 

continuous  Jigs 298 

stamp-batteries  298,299,802 

screens 802 

revolving  tables 802 

liBTAL-woBKnro  (400,  olto.  Machinery:  metal-working)— 
brass,  bronze- 
parts  of  locomotives  441 

copper- 
parts  of  locomotives  439,440,441,442 

Iron — 

rails,  manufacture 428 

parte  of  looomotivea 442 

framea  and  aheatliing  of  railway  oars 448 

atecl — 

manufiioturo 442 

Beesemor— 

replacing  iron  in  raila 428 

looomoti>'e  boilers 440 

Martin^ 

locomotive  boilers 439,440,441 

JiUllNO  lHDinTiim»— 

report  on 292-305 

exhibita 296,299,301,304,805 
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AUSTBIAHUlfOABY-^ontinued.  ^^ 

Mnnxo  Industbzes— 

inAdeqaately  deyeloped M 

mineral  deposits  property  of  the  crown IB8,2M 

jnodnction  of  mines 298,  W 

smelting  works 2K 

saltworks 202.98 

Tsrlety  of  minerals 292,29S 

ocoorrence  of  minerals S3 

einnabar,  qoicksilyer 301-304 

geological  oocuirence 3(0,30! 

mining  methods  and  appliances 308 

winning  the  ore..  308 

sorting an 

picking 381 

crushing 3K 

extracting  quicksilver 303,304 

open  vessels,  iron  receivers 303 

heating  with  lime 303 

ftimaces 303,304 

Almaden 388 

Idria  ( hor isontal) 383 

Leopold  (quadruple) 308 

Alberti  (reverberatory) 303 

iron-clad 303,364 

muffle 303,304 

cupola 304 

production 302,304 

vermilion  prepared  from 304 

eoal 2M-3« 

production 294, 2K 

anthracite SM 

used  for  coke 294 

lignite....  » 

used  in  iron  manufacture 2H 

increased  production  94 

extent  of  deposits SH 

engines  used  in  mines 290 

bad  quality  of,  necesaitoies  apodal  construction  of  locomotivoa 437-440 

lead 296-300 

geological  occurrence 296,2S? 

origin  and  growth  of  mining 291 

Pribram  mines — 206-300 

deep  shaft  at  Adalbert 9i 

methods  and  appliances — 

exploitation 31 

^  draining ST 

extracting  ore 298 

transporting  ore * 

hoisting 298 

picking 298 

dressing 296,290 

smelting ao 

engines 2» 

production 290,300 

silver 296-300 

geological  occurrence 296,297 

Pribram  mines  («m  lead^  oboos). 

Joachimstal  mines 300. 301 

history 300 

geological  formation 300 

ores  produced 300 

concentration 301 

uranium 301 

fiimishes  pigments  for  ceramics  and  gloss 301 
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BIA-HUNGABY— ContinuecL 

mro  IHDUBTBIBS— 

aino 805 

geological  occnrrence 306 

conoentratiiig  works 805 

ore-dresdng  worka 805 

production 305 

prodttotioii  and  consnmption — 

antimony 203 

araenic 293 

biamnth 293,300,301 

einnabar 801,303,304 

ooal •. 171,281,294-206 

anthracite 298,294-296 

lignite 293,294-296 

naeaof 177,295 

making  coke 294 

honaehold  porpoaea 204, 296 

moniiilBotniing .' 294, 295 

railwaya 295 

steam  nayigatioii 295 

cobalt 293,300,301 

copper 261,298 

galena .' 297,299,805 

gold 283 

graphite 293 

iron 172,283 

ore 172 

pig 172 

*  WTooght .  172,261 

lead 172,293,298,299,300 

litharge 293,300 

numganeso 298 

nickel 293,800,301 

petroleum 298 

pyrites 9 

qoioksilyer 298,302,803,804 

salt 292,293 

silver 178, 293, 297, 29R,  300. 301, 305 

steel 172 

tin 203 

uranium 293,300,801 

sine 173,293,297,305, 

fnel  used  in  manufhoture— 

coal,  anthracite 294 

lignite 294 

ooke 294 

ezploaiyes  used  in  mining 297 

dynamite,  giant  powder 184,297 

nitro-glyoerine 184 

experiments  with 184,185 

iwwder 297 

exports— 

ooal 294,295 

to  Germany  (Ugnite) 285 

Busaia 261 

ooppe^— 

toRuasiA A 261 

iron^ 

toBussi* 261 

to  Grermany 801 

imiwrta— 

ooal 295 

from  Germany  (anthraoite) 284,295 

31  P  E— VOL  4 


482  INDEX. 

PlA. 

AUSTKIA-HTTKGABY— Continned. 

MiNINO  IlfDU9TRIB»— 

operatiyes — 

nnmber  employed^ 

inraineB 282,2K,2tt 

cinnabar 3M 

coal 86 

lead  and  ailyer 290 

in  smelting  works 292,299,304 

saltworks 282 

women  as 292,295 

children  as 292,296 

provision  for  the  welfsre  of— 

at  Pribram  min^s 299 

Idria  cinnabar  mines 304 

danger  from  explosions 184 

Railwats  (indadiiig  apparatus,  material,  flxtares,  etc.)— 

exhibits 419,423 

showed  prevailing  Eoropean  method  of  oonstmction Oi 

system- 
extent  C7 

equipment 428 

coal  consumed 295 

rolling  stock — 

passenger  cars- 
number  of ISi 

manufacture  of fil 

exhibited    445,447,440 

first-class  passenger  coach,  Austrian  State  Railway 447, 44? 

second-class  passenger  coach,  Austrian  State  Railway 448* 

third-class  passenger  coach,  Austrian  State  Railway 44? 

sleeping  car,  Austrian  State  Railway 448^,441 

postal  car,  exhibited 447 

freight  cars — 

number  of 428 

manufacture  of C8 

exhibited 448* 

iron  used  in  the  frame-work  and  sheathing 448 

locomotives 437-442 

number  of 428 

manufacture  of 431 

exhibited— 

tank-engine,  for  mines fl7 

passenger  or  freight  locomotives,  Austrian  State  Railway  Company 438, 439,440* 

locomotive  for  passenger  or  mixed  trains,  Theiss  Railway  Company 441  44^ 

narrow-gage  locomotives 451 

fire  grates  and  boxes  of,  adapted  to  poor  native  coal 437, 438, 439,440 

classes 438 

tramways  in  mines — 

at  Pribram 298 

Idria 302 

locomotives  for 4S 

manufacture  and  production — 

ties 427 

rails 437, 4» 

rolling-stock,  passenger  and  freight  cars & 

locomotives 428 

exports 42J 

cars 421 

imports flJ 

cars 4a 

PROVINCES- 
BOHEMIA— 

Chemical  Ini)Ustby— 

manufactures 71 

barium,  chloride  74 
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USTBIA-HUKOABT— Continaed. 
PBOVINCBS- 
BOHEMIA— 

Chuqcal  Industbt— 
mannfacturea— 

faming  (Nordfasnteii)  snlphurio  acid 22,73 

oxide  of  iron 28 

perfumery 110 

potMh 74 

roee-water 110 

soap 110 

soda 73,74 

snlphnr,  from  soda  reaidnea 74 

anlpharic  anhydride 29 

superpboephatea 74 


vitriol-atone  depoaita 23 

110 


H&mro  IvDuaTBUB— 

Uamnth 300 

ooal 293 

lignite 283,295 

exported  to  Qtarnuoij 295 

oobalt : 300 

graphite 293 

lead 293,20e-300 

litharge 300 

nickel 300 

ailver 293,290-301 

exported  to  Germany 301 

thi 298 

nraninm 300,301 

pigments  from,  for  ceiamios  and  glass 301 

sine 297 

Railway  Matbrlai^ 

rails  manaf Aotared 428 

cars  built 428 

CARINTHIA— 

Mnrmo  Ixdustbibs— 

lead 293 

quicksilver 203 

£inc 293 

Kailwat  Material— 

rails  manufaotured 428 

CASNIOLA— 

MumfO  iNDUSTRIBa— 

cinnabar,  artificial 304 

coal,  lignite 294 

qnickaUver 293,301-304 

methods  of  extraction  and  treatment 302-304 

vermilion  manofactnred 304 

zinc 298 

GALICIA- 

Chxmical  Imdustkt— 
materials — 

osokerit 71,72 

MnmO  IWDUBTIITBH 

ooal 293,294,295 

anthracite 293,294,295 

lignite 298 

petioleam 293 

sine 298 


f 
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AUSTRIA-HUNGARY— Continued 
PROVINCES- 
HUNGARY— 

[Note.- TA^  foUowing  r^ftrenee*  art  to  Hungary  proper^  mattert  beUmgidg  to  On 
empire  in  general  being  indexed  under  Aiietria-Hungary.  ] 
Chbmical  Indubtbt— 

Tnannfactnree 144 

beeswax 144 

coniine 144 

copper,  Bolphate T6 

oream  of  tartar ^h,'n 

fish-glne 144 

glycerine 144 

indigo 144 

potash  from  the  snint  of  wool 29,75 

carbonate 29 

quinine,  tannate 144 

aantonine 144 

silyer,  Arom  sulphate  of  copper  reaidnes 75 

•oda,  snlphate 75 

snlphnrio  acid 75 

tan-bark 144 

tartar 144 

tartaric  acid 144 

MSTAL-WORKINO— 

copper 441 

iron 442 

steel 442 

Mnnxo  Iitdubtbies— 

operatiyes,  nmnber  of 2R 

prodaotion 298;  291 

smelting  works 29! 

coal 288,291 

anthracite 298,294 

Ugnite.... 2S8.2H295 

copper 28 

gold 291 

iron 28 

lead 29S 

litharge 2R 

petroleum 299 

quicksilver 2M 

salt 29a,» 

silver ^ 28 

zinc 299 

Railwatb— 

extent  of 4(7 

material — 

manufiMSture  of 442 

locomotiye  exhibited 441,442* 

ISTRIA— 

Chemical  Iitdustbt— 
manufactures — 

bromine 75 

lime,  chloride 75 

salts,  from  sea-water 75 

soda,  sulphate 75 

sulphuric  acid 75 

LOWER  AUSTRIA- 
RAILWAY  Matbbial— 

rails O 

rolling  stock 43 

MORAVIA— 

Chemical  Ikdubtrt— 
manufactures — 

ether - IM 

fruit  esaencea 109 
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TRXA-HUNGABY— Continaed.  Pagei 
>BOVINCBS— 
MORAVIA- 

CHBiaCAL  IVDUSTBT— 

maaiifiM}tiire»— 

Juices 109 

herbs,  and  preparations  from 109 

malt 110 

metallic  saccharates 109 

soap 109 

dls,  essential 109,110 

anise 109 

birch 109 

oarraway 109, 110 

fennel 109 

mnstard 109 

oil-cake,  carraway,  for  &ttening  swine 110 

potash,  prossiate 73 

tartaric  acid 75 

salts 75 

IfmirO  INDUBTBIXS— 


anthracite 293 

lignite 293,295 

graphite 293 

Railway  Matbbial— 

rails,  mann factored 428 

STLESIA— 

Chuqcal  IxdubtmT' 

manufaotares 73 

essences,  fruit  and  flower 110 

soda 73 

snlphnrio  acid 73 

ICXMINO  IVDUBTBIBS— 

coal 203 

anthracite 293 

lignite 293 

Railway  Matbbial— 

rails,  mann  factored 428 

8TYRIA— 

Chemigal  Ikdubtby— 
mannfactores— 

saltpeter 75 

solphor 75 

soiwrphosphates 57 

materials- 
spathic  iron 75 

solphoroos  pyrites 9 

MlHIirO  INDUBTBIBS— 

iron 293 

Railway  Matrbial— 

rails,  manofactored 428 

TRAHrSYLVANIA— 
liiimro  Iin>U8TsiB8— 

coal,  lignite 295 

gold 293 

tiXtvm 293 

TYROL— 

Chkmical  Ihdubtby— 
mannfactores — 

carraway  oQ 110 

water,  liqoeor 110 

honey 110 

magnesia 75 

salts 75 

torpentine  pitch 110 

HiNIMO  IHDU0TBB8— 

sine ,..-.-.         298 
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Ffeg.. 

AuBtrian  state  BaOway  Company,  exhibit 437-441, 447-4M 

locomotives 437441 

fire-boxes  for  bnming  inferior  coal 437438 

iUuatration  of W 

steel  work  for 41! 

cars 447448 

first-class  passenger  coach,  with  illastration 447, 448* 

second-class  passenger  coach,  with  illastration 448* 

third-class  passenger  coach,  with  illastration 448* 

freight  car,  with  illastration .^ 448* 

sleeping  car : 448*.  446 

snlphuric  acid,  sulphates  of  soda  and  copper 75 

Auvelais  (Belgium) — 
chemical  industry — 

hydrochloric  acid 78 

soda 76 

sulphuric  acid 78 

Aveneine  {see,  alto,  Chemistry:  manufactures:  flavoring  extracts  and  prodooto) — 

definition  of 7i 

Avooa  (Victoria.  Australia) —  * 

mining  industry — 

lead .■ JB 

Baden  (Germany)—  , 

chemical  industry — 

coloring  matters 1 104 

alizarine IM 

anthracene IW 

Baden  Aniline  and  Soda  Works  ( Baden,  Germany),  manufacture  of  nitro-alizarine Iffl 

Baiss  Bros.  &  Co.  (London,  England),  crude  and  powdered  drugs IS 

Baker  (H.  J. )  &  Bro.  (New  York  City),  borax,  saltpeter,  camphor,  salts 98,  IB 

Bolard,  Antoine  Jerome  (Paris,  France),  process  of  extracting  salt  from  mothcr-liqaors 79,64 

improved  by  H.  Merle M 

Baldax-Lalore  (Belgium) — 
fining  industry^ 

coal » 

coking  furnace 88 

Balearic  Isles  (Spain) — 
mining  industry — 

lignite 114 

BoUarat  (Victoria,  Australia)— 
mining  industry — 

first  Australian  gold  mining 02 

Banca  (see  Netherlands:  East  India  colonies). 

Bancroft,  Dr.  (Queensland,  Australia),  on  the  proi>orties  of  Australian  pitori 133 

Barcelona,  province  of  (Spain) — 
mining  industry — 

coal,  lignite 314 

Bariquand  &  Son  (Paris,  France),  machine  tools 391 

chassep^t  guns 396 

Bam&ngens  Tekniska  Fabrik  (Stockholm,  Sweden),  perfumery,  soap,  ink IS 

Bamaoul  (Siberia,  Russia)— 
chemical  industry — 

soda 18 

caustic J 18 

salts 96 

Barnum, Richardson,  &Co.  (Lime  Rock, Conn.),  cast-iron  car-wheels 469 

Baroncelli,  B.  (Florence,  Italy),  soda,  potash B 

Barry,  F.  T.  (England),  commercial  manager  of  the  mine  of  Saint  Domingos,  Portugal 331 

Barytes  (see  Chemistry ;  also.  Mining). 
Basle  (Switzerland)— 
chemical  industry^ 

alizarine 181 

process  of  manufacture 101404, 106 

anthracene 101 

artificial  colors 18I,1S6 
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Page. 
IgnoUes  (Me  Soci6t6  de  Constraction  des  BatignoUes). 

imgaxtaer,  J.  (MoUU,  Switzerland),  glue  from  caseine  150 

udte  (tee  Chemistry;  tUso  Mining). 

to,  E.  (Alais,  France),  antimony 117 

jii,  theory  of  the  formation  of  boric  acid  in  fumaroles  of  Toscany 60 

iker,  George  F.,  assisted  in  preparation  of  Report  on  "  Mramo  Industbies  " 164 

ikman  &  Barmcater  (Stockholm,  Sweden),  pharmaceutical  preparations 153 

if,  increased  price  of,  in  Great  Britain —         198 

ir  (§ee  Agriculture). 

r,  C.  (Jemapes,  Belgium),  winding  engine  for  mines 376, 377 

t>root  sugar  (tee  Agriculture). 

;uin,  Y.  A.  (Paris,  France),  compounds  of  cantharides,  plasters  with  caoutchouc  basis 118 

LGIUM  («ee,  aleo,  Angleur,  Hainan t,  Qui^vrain, 

Anvers,  Houssola,  Ruette, 

Athus,  Huy,  Saint-Leonard, 

Auvelais,  Jemapes,  Seraing, 

Baldas-Lalore,  Li^ge,  Tilfl; 

Bleyberg-^Montzen,  Lustin,  Toeoich, 

Bonne  £sp6ranoe,  Harohovelette,  Vallentin-Cocq, 

Boussu,  Mesvin,  ^  Vedrin, 

Brussels,  Mons,  Vezin, 

Charleroi,  Moresnet,  Yille-en-Waret, 

Couillet,  Moustier,  Vilvorde, 

Diest,  Namur,  Wclkenraedt, 

F16ne,  Philippeville,  WUsele). 

Fontaine  r£v6que,  Qu6yy, 

an* 272 

popnlaticm 272,277 

AOBICULTUBS— 

beet-root  sogar — 

potash  derived  from  the  residues.  80 

carbonate  of  i>otasBium  from  the  residues  of,  combined  with  Chili  saltpeter,  for  the 

production  of  niter 28 

Chxmibtbt  and  Pharmact— 

exhibit,  chemical 76 

pharmaceutical Ill 

exhibitors,  numl>er  of 7 

awards,  number  of 7,8 

condition  of  the  industry 8,76 

manufactures — 

hydrochloric  acid 76 

niter 28 

phosphates 76 

potash,  ftrom  beet-root  sugar  residues 80 

soda 44,46,76,81 

carbonate,  used  in  glass-making 47 

sulphur 76 

sulphuric  acid 9, 76 

dyeing  preparations 26 

mannfaoturing  processes,  apparatus,  machinery — 

nitric  add •. j 27 

soda,  Solvay*s  ammonia  process 44-60,76,81 

sulphuric  acid- 
pyrites  burners  10,12 

production  and  consumption — 

hydrochloric  acid 76 

pyrites 9,80 

soda 46,76,81 

sulphur 76 

sulphuric  acid 9,76 

products,  by-products,  materials — 
acids- 
acetic 76 

hydrochloric 76 

hydroBulphurons 9,76 
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BELGIUHM^ontinaed. 

Chkmbstbt  aicd  Phabmact— 
prodaota — 
aoids— 

nitric 17,78 

salicylic 76 

sulphario 1^71 

alumina,  sulphate 71 

benzine 76 

calcium,  chloride 76 

chlorine 51,58 

desiccated  flowers,  herbs,  etc Ul 

hops  Ill 

hydrochloric  acid 76 

hydrosulphnrons  acid 9, 76 

iron,  sulphate 78 

lime,  chloride 78 

niter 28 

nitric  acid 27,  W 

nitro-benzine 78 

phenol ' 78 

ph(Mphates .- 78 

potash,  from  beet-root  sugar  reaidues 28^30 

pyrites 9^88 

salioy  lie  acid  78 

saltpeter 76 

soda 76,81 

ammonia 44,45,46,47,78 

bisulphate 78 

carbonate 47 

hypoBulphate 78 

phosphate 78 

sulphate 78 

sulphydrate 78 

■odium- 
bisulphite 88 

hydrosulphite % 

sulphur 78 

sulphuric  acid 8,76 

dnc 88 

imports— 

perfumes  from  France 118 

cod-liver  oil  from  l^orway 148 

fuel  used  in  manufacture— 

coal 76 

(^erative*— 

number  employed — 

hydrochloric  acid  industry T8 

pyrites  mining 88 

soda  industry 78 

sulphur  refining 78 

sulphuric  acid  industry 78 

Clocks  and  Watches— 

exhibit 486 

Glasa— 

materials — 

carbonate  of  soda 17,76 

manufactures- 
bottles  for  preserving  desicoated  plants,  etc Ill 

chemical  apparatua— 

retorts  for  nitric  acid  manufacture H 

Machiicxrt  (including  tools,  implements,  apparatus,  proceflns)— 
chemical — 

latest  improvements  employed 78 


INDEX.  489 


UELGIUM— Gontinned. 

MACHDnST— 

ohamioal— 

chlorine  manulkotiire— 

Solvuy'8  proooM  (ntUlxing  ammoDia-sodA  residues) 61, 68 

plans  exhibited 76 

nitric  acid  manufiMsture— 

glass  distilling  apparatus 37 

soda  mannfkctnre— 

ammonia  process,  E.  Solvay 44-48,49,76 

production 46,76 

sulphuric  acid  manofncture l(V-26 

pyrites  humers 10,12 

engines,  steam- 
winding  engine  for  mines,  C.  Beer,  Jemapes,  exhibited 876,877 

employed  in  mines— 

number 278,282,287 

hoisting 276,278.285,876 

pumping 276,278,279,282,284,285 

Cornish 285 

first  large  rotary,  John  Cockerill  Company 285 

rentilating 278,285 

engines,  compressed  air— 

employed  in  mines 279 

metal-working— 
iron — 

fdmaoes,  ancient  remains  of 281,282 

number  in  operation 281 

improYcments  in 282 

lead— 

"Heyburgftimaces" 286 

sine— 

first  reduction  furnace  (1806) 290 

fhmaces 291 

mining- 
hoisting  apparatus,  cages 278 

ore-dressing 285^286,291 

MvTAL-woiuuKU  (sM,  (U»o,  Machinery:  metal- working) — 

steel  manuflftctoro 420 

SfOnNO  INDUBTBIKB— 

report  on 272-291 

antiquity  of  dee  coal  and  iron,  btiow), 

▼atriety  of  minerals 272 

geological  occurrence 272, 273, 274, 275, 270, 280 

eoal 278-279 

discovery  of  (1198) ^ 276 

mining,  growth  of ^ 276 

production 276,977,278,288 

geological  occurrence 273,274,275 

area  of  deposits 275, 276 

operatives  employed , . . .         278 

engines  employed 276,278 

for  drahiage 276, 278 

extraction 276, 278 

ventilation 278 

engines  driven  by  compressed  air 279 

raised  flrom  vertical  shafts 278 

difficulty  from  water  in  the  shafts 274,275,278 

mining  appliances 278 

Iron 279-282 

worked  in  the  time  of  the  Bomaos 281,282 

arehsological  remains 281 

mining,  growth  of 282 

production 281 

geologioal  occurrence 279^ 
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Ftge. 
BELGIl7M--€oDtiiiaed. 
MnrncG  Indubtbibs— 
iron — 

condition  of  metallargioalindiiitry 281,28! 

blast  furnaces 881 

lead 28J-888 

geological  occurrence 882, 283^  284 

difficulty  from  water  in  the  mines 282,284,285 

production 283,288,288 

mining  appliances 2S 

pumping  macliinery 284. 2K 

ore-dressing  machinery 285, 288 

sine 282-291 

geological  occurrence 282,283,284,289,290 

production 283,286,288,291 

crude  zinc 288 

sheet  sine,  rolled 288 

srinc  white 288,211 

zinc  for  art  castings •...        291 

difficulty  from  water  in  the  mines 284,28S 

mining  appliances — 

pumping  machinery 284,285 

hoisting  machinery 286 

ventilating  machinery 285 

ore-dressing  machinery 285^286,291 

furnaces 2W 

early  mining  enterprises 290 

condition  of  the  industry 291 

works  conducted  abroad — 

lead  and  zinc  mines  and  metallurgioal  establishments— 

in  Algeria 287 

France 287 

Grermany 287 

Sardinia «I 

Sweden 286,287 

operatives- 
number  employed— 

in  coal  mines , 278 

lead  and  zinc  mines 280 

metallurgical  establishments 282 

danger  from  mining  accidents 28$ 

provision  for  the  welfare  of— 

by  the  Soci6t6  Anonyme  de  Bleyberg-te-Montzen 286 

Soci6t6  Anonyme  des  Mines  et  Fonderies  de  Zinc  de  la  Tleille-Moiitagne        281 

wages 288 

fuel  used  in  mannfkctnre— 

coal 282,91 

coke 286 

ezi>edients  to  economize 281 

production  and  consumption — 

barytes fH 

calamine 282,286^287.288,289 

clay 271 

coal 171,177,261,272,273-27«l286 

cobalt 287 

copper ^ 28T 

galena 278,288 

iron 172, 178, 189, 272, 273, 27W88 

ore 172 

Pijt 172,281 

wrought 115 

pyrites 273-279,288 

lead 172,228,272,273,282-281 

manganese 573 

P«at fjl 
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38LGrC7M— Continned. 

MlKINO  IKDU8TBXB8— 

prodaction  and  oonsmnption^ 

pyrites ,  9 

•flver 286 

•teel 172,283 

lino 178, 176^  200^  214, 224, 285, 272, 273, 282-291. 838 

export*— 

ooal 277 

to  Fiance 177 

BoMiA 261 

iron 281 

to  France , 176,281 

Great  Britain 206 

Netherlands 281 

Pnuaia 281 

lead— 

to  France .' 175 

Great  Britain 223 

■ino— * 

to  France 176 

Great  Britain 206^214,224 

Importa— 

ooal ^ 277 

iron 281 

from  Algeria 189 

Franoe 281 

Luxemburg 281 

Netherlands 281 

Pmasia 281 

Spain 281 

sine — 

from  Greece 838 

Sweden 265 

Railways  (including  apparatus,  material,  flxtares)— 

exhibits 419,423 

passenger  cars 445 

narrow-gage  locomotives  451 

Wesdnghouse  air-brake  used  on  roads 461 

Tbztilb  Fabrics— 
woolen- 
bleaching  by  sodium  hydrosnlphite  solution 26 

dyeing  by  sodium  hydrosnlphite  solution « 26 

PEOVINCES- 
HAINAUT— 

MDIIMO  iMDUBTBUft— 

coal 274 

production 276^277 

iron 280 

Llto£— 

MiKDro  Ihdubtbiss— 

coal / 274 

discovery  of  (1196) 276 

production 276,277 

sine 283,286 

LUXBHBUSG— 

Mdomo  Indubtbbs— 

coal 276 

production 276 

iron 280 

NAMUB— 

MI5IX0  IKDU8TBIK8— 

ooal 274 

production 276,277 

lell,  laaao  Lowthian  (Englaod),  promoter  of  iron-smelting 195,211 
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BeU,  Tmc  Lowthian,  hiB  "GheinioalPheiiomexiaoflronSmeltiiig,"  cited UQiMti 

Bellftt,  E.  (Boaen,  France),  ether,  chloroform,  chloral,  tannin,  etc 117 

Belting  (m«  Machinery:  tranamiaaion  of  power). 
Beni-Saf  (Oran,  Algeria)— 

ironminea U| 

Benaberg  (Bheniah  Pmaaia,  Ghermany) — 
mining  induatry — 

lead 287 

sine  blende 287 

ore^lreeaing  worka 87 

Bentley,  Professor,  of  Pbannaceatical  Society  of  Great  Britain,  on  properties  and  cultivation 

of  the  eucalyptus,  quoted lSS-185 

B6r6aow8k  District  (Bnsaia)— 
mining  induatry — 

gold 250 

Bergamo  (Italy) — 
mining  industry- 
lignite  depoaita 307 

iron 306 

Bergen  (Norway)— 
ohemicid  induatry— 

cod-liyeroil 148 

manufacture 148^148 

export -.  148 

fishery:  cod,  mackerel,  herring,  etc 146,147 

* '  Berg-  und  HUttenrndnnUehe  Zeitung, "  description  of  tin-mining  prooesaea 841, 842 

'^BerichU  det  DevUtehen  KomuiaU  in  San  Franeitoo^*  (on  bullion  production),  referred  to 845 

Berlin  (Germany)— 
chemical  industry— 

coniferin 70 

formula  of 70 

cyanidea 88 

soda 48 

Bemays,  Joseph  (London,  England),  twin-cylinder  steam-engine 382,388 

Tiewof 38r 

Berne  (Switzerland) — 
chemical  industry — 

bonbons  of  malt  preparations 1S8 

BerthoUet,  Am6d6e  B.  (Marseillea,  France),  chemical  manufacture 77 

Beraelius,  Baron  J.  J.  (Stockholm,  Sweden),  discoverer  of  selenium 04 

Beaan9on  (France; — 
mannfocturea— 

watches 407 

BeazMes,  Gyula  (Duna-Yecse,  Hungary),  chemical  and  pharmaceutical  products 188 

Biala  (Sileaia,  Austria)— 
chemical  induatry — 

easences - 110 

Bilbao  (Spain)— 

mining  induatry— 

iron  a3,8M 

BUlault  &  BUlaudot  (Paris,  France),  chemicala  in  variety... 88;118 

Biniton  (§ee  Netherlands:  East  India  colonies). 

Bindaohodler  &.  Bnsch  (Baele,  Switzerland),  coloring  mattera,  alizarine 101, 109,  IM 

Binney  Quarry  (Linlithgowshire,  Wales) — 

ozok  eri  t  deposits 71 

Birdwood,  Dr.  George  C.  M.,  author  of  the  *'  Handbook  to  the  British-Indian  Section*'  (of  the 

Expoaition) . . .  138 

report  on  "Cinchona  Cultivation  in  India,"  quoted 13^140 

Birmingham  (England)— 
chemical  induatry— 

cod-liver  oil 128 

extracts U8 

Biscaya,  province  of  (Spain) — 
mining  industry — 

iron 811 
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Siaeo,  Laigl  (Samioo,  Bergamo,  Italy),  nftphtholine 142 

Bisenk  (TJnl  Mountains,  Biiaaia) — 
mining  indnatry— 

platinum 250 

Biamuth  (m«  Chemiatry;  altOt  Mining). 

Binohof,  A.  do  (Paria,  Fnmce),  vertioal  gaa-engine 885 

Bitumen  (««0  Mining). 

^}Srkbom,  O.  L.  (Gothenbourg,  Sw<>den),  extract  of  malt 158 

Black  Forest  (Germany)— 
forestry— 

oonif erin  from  flr  trees,  for  chemical  use 60 

Black,  Havthom,  &  Co.  (Gatesbead-on-Tyne,  England),  looomotiye,  with  saddle-tank,  narrow- 
gage 445^451 

iUuatraUonof 450* 

Black  Jack,  a  sine  ore,  definition  of 206 

Black  Sea- 

borate  of  lime  deposits 60 

Blackmar&AUerton  (Newark, N.J. ),  essential  oila 150 

Blairsiow  (England)— 
chemical  indnatry— 

chlorine 00 

apparatus  for  regenerating  manganese 00 

Blake  Crusher  Company  (New  Haven,  Conn.)— 

stone  and  ore  crusher,  model  exhibited 802 

alleged  "improvements"  upon,  in  Europe 882 

Blake,  W.  P.  (New  Haven,  Conn.),  his  "Production  of  Precious  Metals,"  etc.,  cited 346, 847, 840 

Bleyberg-^Montzen  (Belgium) — 
mining  industry— 

cerusite 286 

galena 286 

lead 282,283-286 

pumping  machinery 284,285 

ore-dressing  works 285,286 

pyromorphite 286 

sine 286 

provision  for  the  welfare  of  operatives 286 

Bkmdel,  J.  (Marseillea,  France),  acida,  soda 70 

Bloqnart&Co.  (Paris,  France),  digitaline 118 

Qnerenne's  Iron 121 

Bode  (Germany),  annular  funmce  for  burning  pyritea 10,11 

improvement  of  Maletra's  Perret  fhmace 12 

writings  on  the  Glover's  tower 17 

Boehringer,  A.  (Milan,  Italy),  quinine  manufacture 142 

Bottger,  Budolph  (Frankfort,  Germany),  process  of  coating  metallic  oljects  with  platinum ...  67 

Bog-head  mineral  (speciea  of  coal) 220,243,244,245 

Bohemia  (sse  Au8tria*Hnngary :  provinces). 

Bohlig,  B.,  soda  manufacturing  process 51 

method  of  preparing  oxalic  acid 68 

Bokou,  department  of  (Caucasus,  Russia) — 
mining  industry — 

mineral  oil 258 

petroleum 258 

Bolen  4t  Byrne  (New  York  City),  artificial  mineral  waters  and  apparatus 150 

BOIJVIA— 

CHKMBTIiY  AKD  PHABMAOT— 

materials- 
cinchona  bark 164 

coca 164 

matioo 164 

sodium,  nitrate 27,28 


sodium,  nitrate 28 

MClCfO  IWDUaTBfMi 

copper- 
exports  to  France 176 

Great  Britain 222 
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BOLIVIA— Continaed.  * 
MmiNo  TrmTTnrffTim 
irold— 

prodacticm 17B 

■flrer— 

prodaotion 173 

t    tindeposita 86 

BoUolos  (Spahi)— 

chemical  indastty — 

cream  of  tartar .' 96 

Bologna  (Italy) — 

chemical  industry — 

sulphur 91 

Bolton  (England)— 

machinery  mannfactore— 

gear^jntting  machines Vn 

Bonne  Espdrance  (Belgium) — 
mining  industry— 

coal .. m 

Booth,  J.  C.  (United  States  Mint,  Philadelphia),  estimates  of  fineness  of  Califimiia  gold 231 

Boothby,J.,hifl" Statistical  Sketch  of  South  Australia,"  quoted 238.SM 

Borbeck  (G^ermany) — 
mining  industry — 

sine  foondry  ...; VI 

BordetFrdres  (Froidvent,  France),  acetic  acid 96 

Borislav  (Silesia,  Germany)— 

ozokerit  dei>oaits 72 

Borneo  («m  Netherlands:  East  India  colonies). 

Borthen,T.n.  (Trondhjem,  Norway),  cod-liver  oil 1*6 

Bosisto,  J.  (Melbourne,  Victoria,  Australia),  preparati<ms  of  eucalyptus Ul 

Boston,  Mass.— 

chemical  industry 99 

blacking 199 

leather-dressing 199 

soap 199 

tanning  extracts 199 

Boston  Watch  Company  (Roxbury  and  Walthun,  Mass. ) — 

introduced  machine  manufacture  of  watches  M 

succeeded  by  American  Watch  Company  {v>Mch8e§) ^ 

Boude  &Fil8  (Marseilles, France), sulphur ^ 

Boulevard  (France),  ammonia-soda  manufacturing  apparatus ^ 

Boulogne  (France) — 
chemical  industry- 
alumina  solphate  M 

"chlorozone"  for  bleaching • 

disinfectants ^ 

Bourbon  Island  (tee  France :  colonies :  Reunion). 
Boussu  (Belgium) — 
mining  industry — 

coal 254 

Bowdlor  Sc  Bickerdike  (Church,  England),  carbolic  acid  and  derivatives 199 

Bowenfels  (New  South  Wales,  Australia)— 
mining  industry — 

coal afl 

Bower,  Hcnr>'  (Philadelphi.a,  Pa. ),  glycerine,  potash,  ammonia 98,191 

Bowker  (Leeds,  England),  ammonia-soda  manufacturing  process ^ 

Boyd,  Son,  &  Co.  (Dublin,  Ireland),  sulphate  of  soda,  chloride  of  Ume 99 

Bosen  (Tyrol,  Austria)— 
chemical  industry — 

essential  oils U* 

caraway 11* 

turpentine  pitch U* 

Brachelli  Dr.  H.  F.  ( Austria),  statistics  of  Austria-Uuugary  mining  industry,  oited 2SS 

Brakes  ($44  Railways). 

Brass  (sm  Metal- working;  alUOf  Mining). 
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Braflsao  (France) — 

«arly  coal  miniDg 176 

Bray  (Enre,  France) — 

mining  industry—     * 

rolling  mills - 287 

BKAZIL— 

MiNINO  IMDUBTBT— 

gold — 

production 173 

Braaowa  (Hongary)— 

railway  apparatos  manofiMtiiTed— 

iron  parts  of  locomotiTea '. : 442 

Breada  (Italy)— 

chemical  industry — 

magnesia,  carbonate 04 

sulphur 93 

mining  industry — 

iron 308 

Brill,  J.  G.  (Philadelphia,  Pa.),  street-raUway  cara 461 

Bristol  (England)— 

railway  apparatus  mannfaotured— 

locomotives 445, 451-454 

of  standard  gage 451 

narrow  gage 452 

with  double  boUer,  double  bogie 452*-454,456 

adopted  in  Australia 4r»2 

Ireland 452 

Mexico 452 

Norway 452 

Peru 453 

Bussia 452 

Venezuela 452*,  453 

Wales 452,456 

British  (see  Great  Britain). 

British  Columbia  (tee  Great  Britain:  colonies:  Canada). 

British  Guiana  (»ee  Groat  Britain:  colonies). 

firoch.  Dr.  O.  G.  (Norway),  his  book,  '*Le  Boyaume  Norvige  et  le  Peuple  Korvigien,"  cit«d 267, 269 

Brockville  (Canada) — 
chemical  industry^ 

acid,  hydrochloric 77 

nitric 77 

sulphuric 77 

Bronze  (see  Metal- working ;  alto,  Mining). 
Brooklyn,  N.  Y.— 
street  railways — 

fireloss  motors  used  on 468 

Broughton,  quinologist  on  Neilgherry  Hills,  British  India 130 

method  of  febrifuge  manufacture 139 

Brown  &,  Sharpe  Manufacturing  Company  (Providence,  B.  I.),  tools,  rules,  gages,  emery* 

wheels,  etc  397 

Bt^wne,  J.  Boss,  his  "Mineral  Resources  of  the  United  States"  cited 345,340 

United  States  Commissioner  of  Mining  Statistics,  1867-'68 350 

Briickraann  (Norway),  his  *'Magnalia  Dei'*  (book  on  mining)  cited 270 

Brunn  (Moravia,  Austria) — 
chemical  industry — 

essential  oils UO 

et  her 110 

herbs 108 

ma]  t  for  brewers 110 

potash,  pmssiate , 78 

tartaric  acid 75 

tinctures 110 

Br&mcr,  method  for  preparing  potassium  sulphate 31 

Brunner,  Mond,  Si,  Co.  (Northwich  and  Sandback,  England),  ammonia-soda  manufacturing 
process 46 
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Bnmton  &  Trier  (London,  England),  stone-dreaaing  maohine SSMM 

iUoatiraUons 8«O»,400».401»4(»» 

Brosaels  (Belginm)— 
chemical  industry— 

alumina,  sulphate 78 

Bnarcos  (Portugal) — 
mining  industry — 

lignite 820 

Bada-Peat  (Hungary)— 
chemical  industry — 

potash  from  suint  of  t^ooI 75 

railroad  apparatus  manufiactnred^ ' 

locomotives 441,443* 

Bqenoa  Ayres  {see  Argentine  Republic). 
BuflUo,  N.  Y.— 

chemical  industry — 

oils,  illuminating 1S9 

lubricating 1S9 

Buggerru  (Sardinia,  Italy) — 
mining  industry — 

2inc-ore  roasting  furnaces til 

Buoys,  self-luminous,  used  in  French  marine  service 119 

Burgoyno,  Burbridges,  Cyriax,  &  Parries  (London,  England),  chemical  and  pharmaceutical 

products 128 

Burkeville,  Vo.— 

chemical  industry — 

oil  of  sassafras 1» 

Burleigh,  apparatus  for  prospecting  for  ores  by  boring IB 

Burra  (South  Australia) — 
mining  industry — 

copper 281 

Bush  (W.  J.)  &,  Co.  (London,  England),  general  chemioals,  essences,  essential  oils,  salts 128 

Bussaco  (Portugal) — 
mining  industry — 

coal,  anthracite 320 

Batzke,  V.  (Varondga,  Russia),  oils  of  anise  and  mint IM 

Calabria  («f<,  Italy:  provinces). 

Calamine  (see,  also.  Mining)— 

hydrous  silicate  of  zinc,  definition  of 26 

Calchopyritea  (see  Mining). 

Calderara  &  Bankmann  (Vienna,  Austria),  perftimea,  soaps,  toilet  articlea 110 

California  (see  United  States). 

Caltanissetta  (Italy)— 

chemical  industry M2 

magnesia MS 

quinine M! 

sulphur 88 

Camaresa  (Greece)— 
mining  industry- 
copper • 

lead IS 

silver 331 

zinc 38 

Camboni,  P.(Brescia,  Italy),  magnesia •* 

Cammack  ^Walker,  sulphate  of  soda  decomposing  fhmaoe ^ 

Campanil,  Biscayan  iron  ore,  red  hematite,  definition  of -. 311 

analysisof in 

Cami»o  &Co.  (Haro,  Spain),  cream  of  tartar ^ 

Camus  Frdres,  Neppel,  &  Co.  (Paris,  France),  acetic  acid,  metallic  aoetatea,  methylene ^ 

Canada  (see  Great  Britain:  colonies). 

Candiani  (J.)  &  Biffi  (Milan,  Italy),  sulphuric,  nitric,  hydrochloric  aoida,  preparations  of  aino 
and  iron  for  paints,  soda,  superphosphates HI* 

Candles  from  pan^ne 1 

Cangiotti  (A.)  (Pesaro,  Italy),  sulphur ■ 

Cape  Colony  (see  Great  Britain:  colonies:  Cape  of  Good  Hope). 
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\mpe  Coromandel  (New  Zealand) — 

lipoid  loining ^...^^......».^..... 838 

Jape  of  Good  Hope  (Me  Great  Britain:  oolonies). 
lape  Paterson  (Victoria,  Aiutralia)— 
mining  industry — 

coal 242 

^aravaya  (Peru)— 

speoies  of  caliaay a  grow  ing  at 137 

JamiolaChemical  Works  (Lons  Island  City.  N.Y.),  acetate  of  lead lOO 

^arof  &.  Co.  (Ploadalm6zcau,  Finistdre,  France),  iodine,  potaah,  etc.,  from  sea-weed,  bromine..  82 

i^arolinenthal  (Bohemia,  Austria) — 

chemical  industry 73 

soda     .  73 

Carpathian  Mountains  (Austria) — 
mining  industry — 

salt 293 

Carrara  (Italy) — 

marble  quarries 306 

Cars  (fM  Railways). 
Carthaginians  (ancient)— 

mining  operations  in  Portugal 823 

Ckuna  oocidentalis,  plant  of  Martinique,  a  substitute  for  coffee 128 

Cassiterite  (see  Mining). 

Cassoni  ^  Colotta  ( Val  di  Ledro,  Tyrol,  Auatria),  magnesia,  etc 75 

Castellon,  prorinco  of  (Spain) — 
mining  industry — 

lifOiite 815 

Castrocaro  (Italy) — 
chemical  industry — 

bromides M 

iodides , ..  94 

iodine 94 

Catania  (Italy)— 

chemical  industry — 

sulphur 93 

Catil!on  (Paris,  Fi-ance),  preparation  of  pepsin  with  chinohona,  iron,  wine,  and  glycerine 122 

Caucasus  («M  Kuasia:  provinces). 

Cazalis  Sc  Leenhardt  (Montpellier,  France),  sulphuric  and  tartaric  acids,  baaxite,  salt,  alum. . .  79 

(Cederblom,  boring  apparatus  for  prospecting  for  ores 266 

Ceintare  Bail  way  (Paris,  France),  its  cars  0(iuipped  with  the  Westinghonse  air*brake 467 

Celebes  Islands  (tee  Xotberlanda :  colonics). 
(Centennial  Exhibition  {gee  International  Exhibitions). 
Centreville,  liiich. — 
chemical  industry — 

essential  oils 169 

CERAMICS— 

articles  manufactui*ed — 
chemical  apparatus — 

stone- ware  recipients  for  sulphuric  acid  in  vitriol  chambers 16 

fire-clay  tubes  in  fuming  sulphuric  acid  manufacture 24 

stone- ware  recipients  fur  nitric  acid 26,27 

replaced  by  glass 26 

I»orcelain  vessels  coated  with  platinum  as  substitute  for  solid  platinnm  68 

decoration — 

enamel  colors  for  i>orcelain  made  from  platinum 67 

iridiam 69 

uranium 301 

fael  used  in  manufacture.  Great  Britain    210, 211 

materials — 

fire-clay,  Sweden 263 

clay,  sand,  Belgium    273 

ancient  Roman  pottery  found  in  Saint  Domingos  mines,  Portngal 324 

3eresine,  imitation  of  beeswax,  from  ozokerit 72 

(Cemsite  (see,  also,  Chemistry :  also,  Mining) — 

carbonate  of  lead,  definitiou  of 282 

32  P  K— VOL  4 
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Page. 
Ceflena  (Italy) — 

chemical  industry — 

Bulphar 13 

Cesena  Sulphur  Company  (Cesena,  Italy),  sulphur  tt 

Ceylon  (see  Great  Britain :  colonies). 

Cbaguine  St,  ProkoQcff  (Saint  Petersburg,  Bussia),  egg  and  blood  albumen,  dried  blood  manure        15e 

Chambers  (James)  Sc  Co.  ( London,  En;;1and),  general  chemicals 91 

Chapuls,  H.  (Paris,  France),  sulphuric  acid  concentrating  apparatus :  paladium,  iridium,  stiDs 

for  hydrofluoric  acid W 

Chard,  R.  J.  (Now  York  City)— 

lubricino,  uacd,  with  bis  lubricating  cups,  in  United  States  machinery  section 159,1(10,16 

misplacing  of  this  exhibit,  referred  to tnoU 

Chardin  &  Masoignon  (Paris,  France),  perfumery  from  paraffine 116 

Charleroi  (Belgium) — 
mining  industry — 

coal 278,274,275,178 

Chassaing,  Gn6non,  &  Co.  (Paris,  France),  pepsin 121 

Chauny  (France) — 
chemical  industry — 

alum 81 

potash   .  81 

soda 81 

sulphuric  acid 81 

glass  manufacture 81 

Chaves  &  Gonzales  (Bollulos,  Spain),  cream  of  tartar M 

Chemical  Works  of  Brockville  (Brockville,  Ontairo,  Canada),  nitric,  sulphuric,  hydrochloric 

acids 77 

Chemical  Works  of  Stavanger  (Stavangur,  Norway),  soda  products,  sulphuric  and  hydrochloric 

acids 95 

CHEMISTRY  AND  PHARMACY— 

[Note. — The  ehemieal  and  pharmaceutical  exhibiU  are  indexed  in  detail  under  the  tiUei  of 
the  producing  cottntriee,  viz: 

Argentine  Republic,  Hayti,  Portugal  (with  colonies), 

Asia  Minor,  Italy,  Russia  (with  provinces), 

Austria- Hungary,  Japan,  Salvador, 

Belgium,  Luxemburg,  Siam, 

Bolivia,  Mexico,  Sweden, 

Chili,  Monaco,  Switzerland, 

China,  Morocco,  South  America, 

Denmark  (with  Greenland),      Netherlands  (with  colo- .  Spain  (with  colonies). 

France  (with  colonics),  nios),  Tunis, 

Oermauy,  Nicaragua,  United  States  (with  Individ- 

Great  Britain  (with  colonies),    Norway,  nal  States), 

■Greece,  Persia,  Uruguay, 

•Guatemala,  Peru,  Venezuela. 

See,  also.  Forestry,  Machinery,  Mining  Industries,  Operatives.] 

'dassiflcationof  exhibits  (Group  V,  Classes  47, 53) J 

Rkport  ox  *•  Chemical  a.ni>  Piiaumaceutical  Procksses  a\d  Prkpaiiatio-vs,"  by  TnoxAS 

E.  Jenkins,  M.  D 1-lC 

•  exhibits  of 4,6 

by  United  States  inadequate 7,8,* 

recent  progress  in * 

stimulated  by  international  exhibitions 3 

difilcult  to  obtain  infonnation  concerning 4-J 

list  ofjurors  of  Class  47 5.6 

number  of  exhibitors,  by  countries ' 

awards,  by  countries  " 

•percentage  of  awards  to  exhibitors,  by  countries '.' 

illustration  to  the  report — 

Plate  I.  S(.'.haflher  &  Ilclbig'g  Method  of  Regenerating  Sulphur  firom  Soda  waste <2* 

vuianufacturea,  products,  processes,  new  or  recently  improved  (ms,  also,  further  r^erenees 
to  ttie  same  substances  under  the  title  o/ Products,  etc.,  below) — 
acids — 

organic 3.** 

benzoic &>^ 
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IBMI8TRY  AND  PHARMACY-Continned. 
HannCactares,  prodnctA,  and  processes — 
Boids — 

beoBoio— 

from  naphtbalioe 83 

urine  of  herbiveroos  animals <S,64 

Daubin's  procesH «4 

Putz's  process W 

oxalic   , «8 

from  sawdust 83 

pine 83 

bran «3 

cellulose 63 

lignose «3  • 

nitrates  in  waste  of  brass  and  copper  works 63 

Asselin*s  process 63 

Bobli$i;*s  process 63 

Tbom's  experiments 63 

used  in  beet-root  sugar  manufiusture 83 

not  poisonous 68 

tartaric 64 

tma  wine-lees 64 

Dietrich's  process 64 

•Usarine 100-108 

first  natural  dye-stuff  prepared  artificially  .   100 

production  IVom  anthracene  discovered  by  Oraebe  Sl  Liebermann  (1868) 100 

displaciuiE  madder lOf ,  101, 113 

indigo 105,107 

ultramarine 107 

manufacture  of 100, 104 

processes 100, 10& 

Graebe  &  Liobermann's 100. 101 

Bindschedler  &  Busch's 101,104,105 

colors  produced —  , 

red,  violet  shades 108, 105, 106 

yellowish  shade 103 

fnchsine 106 

orange 104,105,106 

blue    105 

greenish 105, 106 

reddish 105 

lake 105^106 

purple 106 

violet 106,107 

derivatives  of— 

nitro-alizarine 104, 105 

alizarine  blue 106-108 

propertiesof 106-108 

prices 100,101,104,107 

use  as  a  dye-stuff  {»ee  Textile  Fabrics). 

nlumina  preparations 57, 58 

aluminium,  sulphate- 
displacing  alum  in  paper  manufSacture 57, 58 

dyeing  textile  fabrics 57,58 

English  process,  sulphuric  acid  and  china  clay ^ 

French  process,  hydrochloric  acid  and  slag  of  iron  ftimaces 58 

Butter's  process,  ferric  sulphate  and  zinc 58 

aluminium,  hydrate— 

for  decolorizing  beet-root  Juice  58 

Ldwig's  process 58 

aluminium,  salts — 

Ducla's  process 66 

ammonia  (tee  soda,  bdow). 
anthracene  (#m  alizarine,  ab^ve). 
anthraquinone  (iee  alizarine,  above). 
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Ptge. 
CHEMISTRY  AND  PHARMACY-Oontinued. 
MannfiActares,  prodncts,  and  procesaes — 

borax  and  boracicacid 58,68 

for  antiseptic  and  cleansing  purposes S8 

sources  of  supply 56 

Tuscan  fumaroles  displaced  by  deposits  in  America 58 

Asia  Minor 50 

Sicily 58 

Dieula&it's  theory  of  the  formation  of  boric  acid 58;  (Kl 

Bechi*s  theory 60 

decrease  in  price 58 

bromine 54,65 

great  production  of,  in  United  States  54,55 

displaced  production  ftromkelp 54 

Staasfnrth  salines 54 

uses  of 56,63 

in  metallurgy,  proposed 55 

Hahn's  mnthod  of  obtaining,  fh>m  saline  Uquors 55 

decrease  in  pi  ice 54,55,83 

shipped  as  bromide  of  iron 55 

chlorine  and  bleaching  powder 51-54 

processes  of  manufacture 51-54 

Solvay's  plan  of  utilizing  ammonia-soda  residues 51, 52 

Wddon's  process,  regenerating  oxide  of  mangaaeao 52, 53, 78, 79, 80. 84,80 

Beacon  &  Hurter's  process 58,  S3, 54 

Jetzler's  process 53 

DuBlop*s  process  53 

Hofbnann's  process 53 

Hasenclever's  process 54 

manganeso,  peroxide,  supply  of 54 

publications  on  composition  of  bleaching  powder 54 

by  Hurter 54 

.cinchona  (see,  alao,  quinine,  below) 13(^140 

alkaloids,  febrifuge  properties 136, 188, 1» 

cinchonidino 138 

cinchonine 138 

quinotam 138 

quinidine 138 

quinine  (*e«,  dUo^  quinine,  bdow) 139 

manufacture  of 13d,  139 

Brooghton's  method . .  139 

Wood's  method 139 

De  Vry 's  method  (quinetum) 139, 140 

cultivation,  acclimation,  etc.  (««0  Forestry). 

.cod-liver  oil 146-148 

early  technical  use 147 

medlcmal  use  began  about  1830 147 

expounded  by  Dr.  De  Jong,  1846 147 

improved  manufacture  (MoUer's)  began  1860 147 

processes  of  manufacture    147. 148 

Mdller's  steam  process 147 

old  system 148 

'*  oleum  jecorig  asseUi  flavum^^ 148 

'* oleum  jecoris  asielli  flavum  futiwm^' 148 

oil  without  stearine 148 

residues  used  for  tanning 148 

manure 148 

annual  production  in  Norway 148 

destinations  of  exiwrt 148 

catching,  curing,  etc.,  of  the  flsh  (tee  Fish), 
coniferiu  (see  flavoring  extracts,  below ;  aUo^  Forestry). 

cyanides QO.43 

need  for  Mieir  cheap  production 01 

consumption  of  ferro-cyanide  of  potassium  (yellow  prusslate)  in  Bniope  and 
America jj 
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IBMISTBY  AND  PHARMACY— ContiniiecL 

Mapiifactarea,  products,  and  piooewcB—  ' 
oyanidM— 

produced  from,  refuse  of  soda  works 60 

sulphuric  acid  maaufisotnre 62 

gaspuriflers 00,61 

nitrogen,  with  carbnu,  potash,  barytn 61 

carbon,  bisulphide,  ou  nmraonium,  sulphide 61 

processes  of  manufacture 60-63 

Erlenmeyer's 60 

Douglas's 60 

Alander's 60 

Valentine's 60 

Tchemiac's 15.61,61 

6elis*s 61 

*  elegant  pharmacy".. 114,115,157,158 

growthof 115,157,158 

advantages- 
medicines  compounded  with  superior  apparatus 114 

specialskiU 114 

of  better  quality 114 

lessnauseons 158 

lower  prices 114 

ol^Jections — 

ingredients  concealed 115 

possible  adulteration 115 

poor  iugredients    158 

lightweights 158 

investigation  by  the  American  Pharmaceutical  Association  115, 158 

views  of  the  * '  London  Pharmaceutical  Journal  and  Transactions  " 115 

the  apothecary's  vocation  endangered  by 114, 115, 158 

eucalyptus — 

hygienic,  pharmaceutical,  and  medicinal  properties 133-135 

dispelling  miasma 134 

disinfectant 134 

antiseptic 136 

pharmaceutical  products 134, 135 

encalyptol 185 

essential  oil 136 

as  solvent ...   135 

in  perfumery 135 

>^8oap  .  -  135 

as  disinfectant 135 

growth,  acclimating,  general  uses  (ms  Forestry) . 

Professor  Bentley's  description  of,  quoted 134, 135 

flavoring  extracts 60-71 

vanilla 69 

imitated  in  artificial  vanillin 09 

vanillin,  production  of. 69-71 

from  the  vanilla  pod 69 

ooniferin  (tee,  alto.  Forestry) 60-70 

eugenol  in  oil  of  cloves,  of  pimento,  etc 71 

benzoin  resin  71 

avenino  (from  pericarp  of  oats) 71 

Haarmann  &  Tiemann's  process 70, 71 

Beimer's  process 70 

Rump's  process 71 

SeruUas's  process 71 

henna 151 

nsed  to  color  the  hair  and  nails 151 

in  combination  with  reng 151 

description  of^  by  Dr.  Tholozan,  physician  to  the  Shah  of  Persia,  quoted 151 

hydrochloric  acid  (tee  soda,  b^ow). 

iodine ^ 66, 56 

discovered  in  France 55 
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CHEMISTEr  AND  PHARMACY- Contliiiied. 
Manofactares,  prodacts,  and  proceaaes— 
iodine— 

fi>nnerly  produced  ohicfly  from  kelp 5S 

in  France  and  Scotland 55 

European  manafaotnre  displaced  by  by-product  of  nitrate  of  sodium  works  (sm, 

alto,  South  America) K 

efforta  to  compete,  by  arrangement  with  Peruvian  numuAietarers SS 

improved  processes — 

Stanford's  5f 

Glaizat&Pellieux's a( 

Maz^-  Lannay 's 5S 

Herland's 36 

Schmidt's  56 

GaUoway's 56 

Wolleston's 56 

decline  in  prices 56 

varieties  of  sea-weed  employed 96 

manganese  oxide  (Me  clilorine,  aJbwe). 
nitric  acid  and  nitrates— 

nitricaoid aS4S 

from  sodium  nitrate  (Chill  saltpeter)  with  sulphuric  add 36 

with  manganese  chloride  (Kuhlman's  process) 36 

alumina  (Wagner's  process) 26 

calcium  carbonate  and  steam  (Walz's  process) 36 

Julian's  electric  process 27 

improved  apparatus  (MS  Ceramics,  Glass,  Machinery)    36^37 

residues  yield  soda  crystals 27 

fuming  (Nordhausen)  sulphuric  acid 37 

niteate  of  soda  (soda  saltpeter) 27,28»45 

from  deposits  in  South  America 27 

produced  by  lixiviation 27 

old  method  (boiling  in  water)  abandoned 37 

production  a  government  monopoly  in  Peru 37,28 

nitrate  of  potash,  saltpeter 38 

sources  of  supply 28 

from  potassium  salts  and  nitrate  of  sodium 38 

chloride  of  potassium,  from  Slalusz 9 

Stassfurth  salts 38 

Schmidt's  process,  from  iodine  residues,  kelp 38 

niter.  frt>m  Chili  saltpeter  and  beet-root  sugar  carbonate  of  potassium ...  38 

nitro-alicarine  (ms  alizarine,  above). 

ozokerit 71,7? 

sources  of  supply 71,73 

description  of T5 

produces  ceresine  (sold  as  beeswax) 72 

illuminating  ofls 73 

poraffine 72 

peptone  122,123,140^141 

properties  of 122,  Ifi,  146 

mode  of  administering    140,141 

method  of  preparation  (Sanders's) 141 

production 141 

price 141 

treatise  on,  by  Hominger 122, 123 

pituri la 

derived  from  plant  Duiowia  Aojnffoodii IS 

chemical  properties IS 

stimulating  narcotic,  courage-compelling 132 

use  by  Mallutha  tribe,  Australian  aborigines 1S8 

potash,  prussiate  (ms  cyanides,  above). 

potassium  salts   2M2 

deposits  at  Ealusz 28 

Stassftirth 38, 9042 

extracted  fh>m  the  suint  of  wool 36 

sea-weed  ashes ., 31 
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Paga 
SEMISTBY  AND  PHARMACY— Continued. 

manofkctoree,  ptodncts,  and  prooeeses — 

potaaeium  salts— 

extiaoted  from  mother-waters  of  salt-gMcdena 29,  M 

residues  of  beet-root  sugar 90 

investigations  of  A.  W.  Hofinann 29 

y  anquelin 29 

Chevreul 29 

Pfeiffer 81 

manufjAOturing  process  of  Herland 29 

Merle 29 

Vincent 30 

Brilnner 81 

De  Gonsillier 81 

W.  Siemens 82 

use  of  pearlash  diminishing 29 

kelp  refuse  as  fertilizers 29 

sodium  sulphate  in  glass  manufacture 80 

Stassfurth  residues  from  i>otasAium  chloride  in  glass  manufacture 81 

for  extracting  glauber  salts 81 

prices 29 

quinine  («ee,  alto,  cinchona,  above) 142, 143 

manufacture  of,  in  Italy 142,143 

▼arieties  produced 148 

derivatives  of  cinchonidine  (22) 143 

cinchonine  (15) 143 

quinidine  (17) 148 

quinine  (40) 148 

Ubatt^ms 158 

Swedish  explosive  preparation  of  nitro-glycerine,  wood-charcoal,  and  explosive 

•alts l&i 

proi>ertie8  of 163 

superior  efBciency 163 

safety 158 

soda  industry 82-^1 

recent  advances 82 

sources  of  supply 32 

natural  soda  deposits 83 

ftom  kelp 83, 48 

cryolite 88 

sulphate  and  hydrochloric  acid,  manufacture  of 83-87 

apparatus  and  processes — 

Jones  &  Walsh    33,84,86 

Cammack  &  Walker 84 

Hargreaves  &  Robinson  32, 34, 35, 86 

crude,  from  sulphate,  Lablanc's  process 37-39, 44, 45 

apparatus,  improvements,  etc — 

Mactear 37, 38, 89, 45 

Elliott  &  Russell 87 

Hargreaves  Sc  Robinson 82, 88, 45 

Malherbe 88 

Kopp  Si.  Stromeyer 88 

Th61en 89 

waate,  regeneration  of  sulphur  from 89-43 

method  of  Mond 40 

Schaffner 40, 43 

Schafluer  &  Helbig 4(M2 

pUtes  illustrating 42* 

Krausshaar 43 

Mactear 48 

Hewitt 43 

ainmonia>8odft 82, 44-60 

processes— 

Solvay 44-48,49 

Schalke 46 
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CHEMISTRY  AND  PHARMACr— Ckmtinued. 
manufactares,  prodacts,  and  prooeases — 
soda  indnstry— 
ammonia-soda— 
processess— 

SohlSsing  &  Holland 44 

Schmidt 46,48 

Honigmann 46,47 

De  Grooailliers 48 

W.  Siemens 48 

Soherbasoheff 48 

(}er1aoh  (producing  ammonia  salts) 48 

Clans  &  Wallace 49-50 

ammonia,  used  in  glaae  works 46,47 

ultramarine  works 46 

oanstic,  and  carbonate  of  sodium — 

new  methods  of  manufacture SO,  51 

Vincent's 50 

Dayis's 51 

Dohlig's SI 

Grtlneberg&  Forster's 51 

Thirion's 51 

Weldon's 51 

Arrott's  — •. 51 

L8wig'3 51 

silioateSf  used  in  glass  works SI 

sulphur  waste  from,  regenerated 51 

manufactured  into  hydrosulphites 51 

sulphur  {tee  soda,  above;  alto  thefoUowing). 

sulphuric  acid 1^^ 

importance  of  the  industry 9 

recent  progress 9 

production 9 

sources  of  supply 9, 10 

pyrites S,  10, 13, 15 

sulphur  deposits 9,40 

regenerated 10 

from  gaa  works 10 

glass  works 10 

sulphureted  hydrogen 10, 22 

blende 10 

machinery,  apparatus,  processes — 

P3rTites  bnni  ers 10-13 

Hofr[ians 10,12 

De  Hemptinne*s 10 

liode's 10,12 

Gerstenhofer's   U 

Ferret's 11,13 

Maletra's 11, 12, 14 

Kunheim's 12 

Hasendever  di:  Helbig's 12,1$ 

Walker's 12 

Si>eucer's IJ 

MacDougall's 13 

for  utilizing  residues  frt>m  pyrites  burners 13-15 

Gibb  &  Gatharp's 14 

Claudet's 14 

vitriol  chambers 15_17 

Sprengel's  improvemeDt 16 

DeHemptinne's  method 18,17 

Glover's  tower 13,  IC,  17-191, 78 

Gay-Lussao's  tower 18,16,191,26 

for  concentrating  the  acid 11>_SS 

api>aratu8  of  lead 10 

De  Hemptinne's    U 
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EMISTBY  AND  PHARMACY— Continued.  ^^ 
Tnannfacturea,  prodacte,  and  prooeases — 
•olplinTio  acid— 

maohinery,  apparatoa,  prooesses — 

apparatoB  of  platinum  and  lead 19, 20, 21 

Faure  &  Keaaler's 19,20,21 

platinum 10,20,21,22 

Johnson,  Matthey,  &  Co.'s 20,21,65,66.90,91 

Desmontia  &  Co.'s 20 

Liebig's  improvement 20 

iionandlead 21 

Lichtenberger's 21 

gUaaietorta 21,22 

for  purifying  the  aoid 22 

Dupaaquier's 22 

invectigations  and  writixigs  on  the  prooeaaea— 

by  P.  W.  Hofinann   15 

Lnnge  ,^»,. 16,17,18 

De  Hemptinne 17, 19 

Bode , 17 

Vorator 17,18 

Hurter 17,18 

Davia 19 

Scheuror-Keatner 21 

Favre               S2 

ftmiing  (Kordhauaen)  aulphurio  add 22-25 

ancient  manufacture  of 22 

extracted  from  vitriol  alate 23 

proceaaea  of  manufacture 28-25 

Engliah,  French    23,24 

Winkler'a    24 

Waltera'a 25 

uaed  aa  a  pigment 23 

in  dydng  textile  fikbiioa 23 

manuf act  urin  g  alizarine 23 

aulphuroua  and  hydroaalphuroua  add 25,26 

uaed  in  making  artificial  ice 25 

wine  and  beer  making 25 

dydng  textile  fiibrioa 25,26 

bleaching  woolen  gooda 26 

anperphoaphatea 66,57 

proceaaea  of  manufacture 56,67 

Eohlrauach'a 56,57 

Way'a 57 

Thibault'a 57 

inveatigationa  of  the  production  of 57 

Kolb'a •     67 

Armaby'a 57 

Erlenmeyer'a 57 

Tanilla,  vanillin  (fM  flavoring  extracta,  dbone). 
wrmilion'^ 

prooeaa  of  mfuiu&cture  at  Idria —  804 

pfTodncta,  by-producta,  materiala 

f^OTK.— Such  qf  thete  prod^iett  tu  omprsJbBtd  by  an  a»ttri§k  (*)  on/itrther  indexed 
under  Mining  Induatriea.] 

acetic  anhydride 71 

adda— 

acetic 57,76,86,92 

araeniona 19,22,64 

benaoic 64,^ 

boracic 69,60,83,86,91,92,94,130,131,152,153 

carbolic 129 

carbonic 81,45,94,114 

cetyUc •..  129,180 

obromio 96 
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Pigk 

CHEMLSTRY  AND  MANUFACTUBB&-C<nitlniied. 
products,  Sec.— 
addfl — 

chryeophanic 91,181 

cinnamio U3 

citric 88,91,130,131,141 

ISaUlc 85,88,11» 

f^lseminio 130 

hemiplnio 130 

hipporic 64 

hydrochloric 84, 86, 37, 43, 45, 53, 63, 64, 73, 74, 75, 70, 77, 80, 82, 84, 90, 92. 33. 86, 87, 106 

hydrocyanic 87 

hydrofluoric 88^87 

hydroruthenic W 

hydroBulphurons 9, 25, 7«,  106 

iaohutyl-formic 143 

methyl-ethyl-acetate 148 

nitric 15, 16, 23, 26, 27, 63, 73, 74, 75, 76, 77, 79, 82, 87, 02, 93, 95, 96, 97, 101, 104, 146 

oleic 129 

opianic 136 

osmio  - ■       W.M 

oxalic   63,95,141 

X>entylic 141 

pyrogallic. . .  * : 86,101 

quinic 141 

quinonio 143 

raoemic  130 

salicylic 25,7^121 

ailicic 45,51 

stearic U3 

sulpholeic    lOi 

Bulphoricinlc 101 

sulphuric 9-26, 34, 36, 43, 45, 46, 54, 68, 61, 63,73, 74, 75, 76. 77, 70,  80, 81, 82, 86, 87,90,91. 

03, 94, 95. 90, 97, 98, 102. 106, 110.140 

fuming  ( Nordhausen) 22, 24»  73, 108 

tartaric 64, 73, 74. 75, 79, 92;  144 

theoboUkctic 129 

trimethyl-aoetic  ..  143 

valerianic .    131,1« 

vanillic 70 

alautine 118 

albumen 150.131 

alcohol 31,88,10l 

amylic    143 

coni  feryl 70. 71 

metYiylio • 

aldeh^pde,  methyl-protooatechnio 70.71 

salicylic 71 

alizarine 23, 100-18,  U3 

blue 106-M8 

alkaUes 82.78,89,99 

alkaloids 107,1» 

Fowne's 129 

alkathrepta 199 

allspice 154 

aloes .  132 

aloin 129 

*alum 68,71,81,86,87,01.92,94,95.97,90.101 

alumina 45,78,84,85,88,87,106,106,156 

acetate 73 

hydrate  77 

phosphate Ul 

sulphate 76,77,9«»liS 

iolphite H 
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EElilSTBY  AND  PHASICACY— Continiied. 
pxodnctft,  A/o. — 

•alnminiam 48,84 

hydrate 68 

phosphate 131 

•nlphate 58 

almnino-ferrio  cake 91 

ambrette —         154 

aoimonia 83, 44, 45, 50, 01, 02. 08, 78, 75, 00, 05 

alum 75 

caaatic 74 

chloride 47 

hydroohlorate 73 

hypoanlphite 180 

aalts , 95.107,140,176 

sulphate 73,90,92,94,99,101 

ammonimii— 

chloride 31,60 

aalte 30 

sulphate 10,40 

sulphide 01 

solpho^uurbonate 01 

sulpho-cyanide 01, 02 

amyl,nitrate 157,101 

amylopsine 122 

analherine 109 

angnBcnm  fragrans 120 

anhydride 31 

solphorio 24,25 

aniline 10 

anisate 143 

anise 109.152,154 

oil 150 

annotto   133,155 

anthracene 79, 100-108 

antbraqoinone 79, 101-104 

•antimony 14,54,117 

apollofiEfct 101,102 

apomorphine -% 129 

hydroohlorate 129 

arachides 124 

arbatuB  nya-orsi 152 

areoa 132 

arrowroot 129,132,133 

•arsenic 10,14,15,19,22,25,129 

arsenions  acid 19, 23, 04 

aseptine 152 

asparagine 142 

assafcBtidA ' 151 

atchim6 124 

atrophhie 110^  U8, 119, 120 

arable 71 

axle-grease .' 159 

balata  gum 128, 131 

barbalofai 129 

hariam — 

binoxide 85 

carbonate 90 

citrate 141 

chlorate 74,80 

chloride 74 

salts 80 

sulphide 22 

bark  extract  for  tanning 100 

•baryta 01,80,10^100^108,119 

chlorate 119 
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CHEMTSTBY  AND  PHACHACY— Continned. 
products,  Sec. — 

banxneB  dn  Salvador IK 

*banxite T7,TO,84,88,W 

bay  rum 131 

beeawax 72,74, 118, 131, 144, 145, 149, 151, 152, 154,156 

benzine 72. 7«,  103, 104. 106 

benzoic  acid 04,87 

benzoin  leain 151 

benzophenon    K 

berberine~- 

hydrocblorate 100 

salts 157 

bergamot  oil 142 

betel  nut 132 

biliary  matter 129 

birch,  oil  of 100 

birds*  nests,  edible 151 

^bismath 85,86,  US 

black  ash  (tee  soda,  below). 

blacking 146,160 

bleaching  preparations 52,81.85,90 

blende M 

blood— 

albumen  firom... 150 

manure 150 

boa  constrictor,  oil  of 133 

boldo 130 

boracicaoid 69,60,83,88,91,92,94,130,131,152,153 

boracite 31 

borax 59, 78, 83, 98, 99, 160, 161 

boro-natro-calcite 50 

"boron  diamonds" 150 

bonnafs  resin 125,130 

bromine 64, 65, 63, 75, 81, 82, 83, 90, 08,99 

salts 85 

bachn 132 

bnnya-bunya  gum 133 

cacao /. 154,155,160 

cadmium — 

iodide U8,119 

salts 85,ia 

sulphate HO 

caffeine,  borate 119, 129 

calcium  142 

acetate 73 

carbonate 48 

chloride 45,62,76,81,107 

fluoride 77 

manganite 52 

phosphide 88,119 

salt 64 

sulpho-cyanide 62 

sulphydrate 43 

tartrate 75 

camallite 31 

camomile 153 

oU 109 

camphor    ..  88,99.111,120,129,161 

monobromide. 99,129,157,161 

cannabine 120 

cantharidlne 118 

caoutchouc 95,124,154,155 

capii<cati  root 154 

capsaicino 121 
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Page. 
HSMISTBY  AND  PHABICACY— Contiiraed. 
products,  Slc. — 

capsoles 150 

carbolic  aoid 129 

carbon 61 

bianlphide 61,79,92.08,109 

dioxide 14 

monoxide 61 

sulphide 89 

tetrachloride 80 

cardamom '. 128, 151 

caronba 152 

aimp 140 

caraway  oil 109,110 

seeds 162 

carthamna 162 

tMwciarilla 154 

oaseine 1 56 

cashew  nuts 155 

oasaia 123,145.146 

castor  oQ 131,142,151,154,161 

oatecha 128 

cedar  resin 154 

oeradilla 154 

cetylicacid 129,130 

charcoal  (as  ingredient,  not  ftiel)^- 

animal 72 

sea-weed 90 

wood 152,153 

chloral— 

alcoholate , 120 

amylic 120 

ethylic 120 

hydrate 117,120 

methylic 120 

propylic 120 

chloricalcicum 90 

chlorine 31,45.51-54,63,84,89,90,99 

chloroform 70,71,79,86,117,119,130 

chlorozone 80 

chocolate ; 144 

chrome 105, 106, 107 

sulphate 105 

chromic  acid 96 

chrysophanic  add 91, 131 

cinchona 117,123,128,132,136-138,141,154,155 

salts   in 

cinchonicine 143 

cinchonidine 139, 143 

bibromated 143 

cinchonine 139, 143 

bibromated 143 

cinchoteneine 143 

*cinnabar 108 

cinnamlc  acid 133 

.     cinnamon 128, 132, 151 

citric  acid 86,91,130,131,141 

citronella  oil .  132 

cloves — 

essence 132 

ofl 71,106,107,108 

coal  (as  ingredient,  not  fuel) 10, 16, 38, 50, 62 

tar 100 

coca 130,154.155 

cochineal 152,154,155 
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P«ge. 
CHEHISTRr  AKD  PHARMACY— Continued. 

prodacta,  iio. — 

cocoanntoU 131,132,154,155 

oodeine 1W,1» 

ood-UveroU 108, 128, 146-148 

coke  ( as  ingredient,  not  f uel ) 17, 18, 83, 72 

colchlca 13* 

oolocynth 125. 158 

coloring  preparations 101-106, 145^155,158 

colors.., « 

oonicine  bromohydrate IIB 

conif erin 87, 70 

coniferyl  alcohol 70^  71 

conline 144 

copaiba 123,128,131,154,156 

copal 154 

copalche  bark 154, 156 

♦copper 13,14,15 

chloride 81 

oxalate C 

sulphate 53, 73, 75, 95, 97, 324  not*,  424, 425 

snlphido 14 

coriander 152 

cork 113 

corozooil ..        154 

oosmollno 161,  Ift 

cosmolabric W! 

coto 1» 

creosote 130,424,425 

oU IS 

cresol '. IW 

crocodile  mnsk 155 

cryolite 83,77,98 

cryptopino 12J 

cubebs 117 

camin 151,  liB 

oil  of 15« 

curare 118,121 

oorarine 118,139 

curcuma 156 

cyanides 38,60,02.79^87 

dambouite 118 

datura 158 

daturine 11«,11» 

salts US 

desiccated  flowers,  herbs,  etc  lU 

dextrine Iff? 

diamantine 154 

diamonds,  black,  artificial 156 

boron 158 

carbon 158 

diastase 122 

dicodcia V9 

digitallne UO,  118, 15S 

digitalis 1S2 

dihuduoil 132 

dimethyl '  m 

disinfectants 86 

divi-divl 154 

duboisia 13* 

dye-stuffs,  woods 131,154 

eggs,  spirit  of 131 

elaterine 11* 

••elegant  pharmacy" 114»115,157,158 
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Page. 
lEMISTRY  AND  PHAKMACY— Continaed. 
prodnctB,  Slc. — 

eUxira IM 

coca 154 

eapeptlqne 122 

epoom  salts 89,  ICl 

ergot 126,152 

ergotine 162 

erigeron,  oil  of 169 

erythrit Sd,  118 

erythrophl6i]ie 126 

erythrophleom  Qainsense 124 

teerlne 119,124 

salta 119 


oinnamon 182 

doves 182 

fruito 109,110,117,120,128 

linaloe 165 

nntmeg 182 

piitohoali 182 

▼erbena 183 

easentiol  oils  (Me  oils,  Mow). 

ether 79,86,00,110,117 

etherinloils 109,150 

encalyptic  acid .         126 

encalyptnl .         126 

eucalyptus  preparations 117, 128, 131, 132, 134, 136, 146, 154 

oil    131 

engenol 71 

extracts 112,117,129,130 

acacia  catechu 131 

bark,  for  tanniiig — 160 

eucalyptus 131 

hAmatoxalon  campechianuxn 181 

licorice 142,162,160 

malt •       168 

vegetable 109, 150, 165, 167 

fennel,  oil  of 109 

ferrous  sulphate 20 

fertilizers 29, 82 

fish-glue 131,144 

flaxseed  154 

oil 162 

flowers,  flavors  and  perfumery  from 125 

preserved 151 

foBuugreek 152 

formates : 121 

Fowne's  artificial  alkaloid 129 

flruit  essences  and  extracts 109, 110, 117, 120, 128 

furftirine 129 

gaduine 129 

*galena 10 

gallicacid 85,86,119 

gallium 81 

galls 152 

gambler 130 

garancine 95 

gelatine  preparations 108, 109, 130 

gelose  (from  sea-weed) 145 

gelseminiu  acid 130 

gelsemiuum 183 

giobertite 94 

glaubersalts 29,31,131 

glnoose 106.118 
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Pm. 
CHEMISTRY  AND  PHABMACY-Continned. 

prodaots,  &c. — 

glne 181,132,144,156 

glyoecolli 130 

glycerine 99, 105, 106, 107, 108,  Ul,  121. 129, 130, 144, 180,  Ml 

glyc3nThiziDe IW 

gnosoopine 19 

•gold U 

chloride 88 

green-turtle  oil 141 

ground-nats , 131 

goaco  154 

guolaool 71 

gaarana 130, 154 

goaranine 130 

gams 127,133.152,154 

acariodes 133 

balata 128,1JI 

bnnya-bunya 133 

gntta 151 

Senegal 134 

gatta-percha 132, 155 

hematosine 118 

hemipinio  acid W 

henna 151,13 

herapathite 13D 

herbe,  and  preparations  of IW 

honey 113,131,148,188 

hops lU.  112, 113,152 

hydrochloric  acid 34, 36, 37, 43, 45, 53, 63, 64, 73, 74, 75, 70, 77, 80, 82. 84, 90, 92, 93, 96, 97, 105 

hydrocotamine 129 

hydrocyanic  acid W 

hydrofluoric  acid SA,^ 

hydrogen,  sulphoreted 10, 1^22 

hydromthenic  acid 8T 

hydrosalphoTOos  acid 9, 25,7(V  1^ 

hyoBciamine lU 

hypophosphates Ul 

icuja 124 

icthyocolla 1S3 

igasorine 129 

ilango 125 

ilinminating  oils 72, 154, 155, 1» 

india-rubber 182 

indigo 105,106,107,108,144,145.151,154.155 

indigotine 86^  US 

in6ine 125 

ink 148,158 

iodine 29,55,56,76,78,83,87,88,89,90,94,97,121,155 

from  sea- weed » 29,55,56,81.»,83 

*lron 13,14,94,106,187 

acetate 73 

arsenate 14 

bromide 0 

ohromate 96 

dialyzed ISB 

hipporate 04 

liqnor  (used  in  silk  manufacture) Tt 

Michel's  ( *'  fer  h^matique ") 121 

nitrate 74 

oxide   15, 28. 88, 89, 48, 62, 86, 94, 97 

perchloride $4 

phosphates 121 

Querenne's 121 

«!*■ 105 
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lEMlSTRT  AND  PHABMACY-Continued.  ^^^ 
products,  &c. — 
iron— 

sulphate U,  15, 58, 76, 02, 94, 97 

sulphide 62 

preparations  of,  for  painting 93 

isinglass 127 

isohutyl-fumiio  acid ; 143 

Jaborandi 130, 154 

jalap 120 

**jarel  water"  (for  bleaching) 81 

jervia 160 

j^ju'be 130 

Juniper  oil 131 

kainite 31 

kamaline 119 

kekuna  oil 131 

kelp  ($ee,  aUo,  sea-weed^  bdow) 55,56,82,83 

kisserit^ 31 

lac  dye 151 

hictates 121 

lavender,  oil 67 

*lead 14 

acetate 73,75,100,101 

salts 80,96 

Tvhite 97 

leather-dressing 66,109,150,160 

lecanora  esculenta 126 

lemon  jnice 141,142,161 

oU  131,133,142 

leucine 118 

licorice  extract 142,152,160 

root 152 

lime  (fruit)— 

citrate 123 

juice 133 

lime  (mineral) 10,14,47,52,62,88,105,106 

acetoto 90 

bisulphite 25,43 

carbonate 94 

caustic 29.37 

chloride 74,75,70,81,84,89,97,107 

hydrate 43,94 

sil  icate 43 

limestone 46,47,84 

linaloe,  essence 155 

linseed  oil 162 

liquidambar 15 

resin 154,155 

Uthia,  citrate 128 

lubricating  oil 72,98,159,160,161.162 

lubricine 159 

lye 30 

mace 132 

madder 80,100,110,113,151,152 

magnesia 31,93 

bicarbonate 94 

calcined 91 

carbonate 91,94 

citrate 142 

hydrate 94 

h  ydrocarbonate 94 

salU    75 

sulphate 73,84.94 

33  P  R— VOL  4 
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CHEMISTRY  AND  PHAKMACY— Continued, 
products.  Sec. — 
inagncsiuni — 

calcined 7S 

carbonate ^W 

chloride 108 

oxalate 63 

platino-cyanide 67 

regenerated S4 

sulphate ^-0,96 

mallows 151 

malt 110 

extract 153 

preparations 156 

^manganese 38,90 

borate 83 

oxide 79,80,90.96,r 

peroxide 52,53,54,88 

regenerated 156 

manna 142, 151 

mannite 118,142 

mat6 154 

matico 15* 

meconine 118,129,130 

meconoiosino '. 129 

menispermine 11* 

*mercnry 75,129 

salts 74,75 

methylprotocatechnic  aldehyde 70,71 

metbyl-pyrocatochin ''I 

mineral  waters 94,111,114,132,149,151,155,159 

mint  oUof 150,156 

moriuga  pterygospenms  oil  of 181 

morphia 100,161 

salU 100,161 

morphine 123 

salts • IW 

musk    ...       145,146 

crocodile 15S 

mustard,oilof 109,132 

myopsine 12> 

nacascola  bark 155 

nancite  bark 155 

*naphtha 72 

naphthaline 130,MS 

tetrachloride 136 

narceine 115, 128 

narcotine 1* 

nardoil 131 

nataloin 13 

*nickel — 

oxide 166 

sulphate f* 

■niter S 

nitric  acid 15, 18, 23, 28, 27, 63, 73, 74, 75, 76, 77, 79, 82, 87, 92, 93. 05, 96, 97, 101,104,146 

nitro-alizarine 104,1^ 

nitro-benzlne t6 

nitrogen 1« 

nitro-glycerine 16^155 

nor-narcotino 130 

nutgalls . .  .* 151 

nutmeg 132 

•oils— 

anacardium  occidentaJe 131 

boa  constrictor 123 
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HXinSTRY  AND  PHARMACY— Continued. 
prodacU,  Stc. — 
oils— 

caator 181,149,151,154,101 

oocoannt 131,132,154,165 

coaiirer 108,129,146-140 

coruxo 154 

oreosute 152 

essential 109, 110,  U5, 110, 128, 129, 132, 167, 150 

aniAe 109, 160 

b«9ri;amot 142 

birch 109 

oamomilo 100 

carraway 109, 110 

citronella 132 

cloves 71,100,107,108 

cnmin 160 

dilmdu 132 

erigeron 159 

euculyptos 131 

fennel 109 

Juniper 131 

kekuna 132 

lavender 67 

lemun 131,133 

mint 150,159 

mustard 109 

nard 131 

onotiaphne  opifera 128 

orange 131,133 

flowers 159 

orris 110 

peppermint 116,159 

petit-grain 15D 

pimento 71,131 

ricluus 132 

roses 110 

sassafras 159 

spearmint 15D 

tanzy 159 

Terl>ena 131 

vrorm  wood 150 

etheriul 109, 150 

pep[»ermint 150 

muMtard 150 

flaxseiHl    152 

green  turtle 141 

Uluminatlng 72,154,155,160,244 

linseed , 162 

Inbricaring 72,159,160 

apollo&t 161,162 

cosmoiine   162 

cosnjolubric 161, 102 

sewing*maohine 98, 161 

Tas4-Iine  159 

moringa  pterygosperma 131 

olive 71,79,113,133,149,162 

palmi  christi 156 

^petroleum 98,161 

I>otro  (wild  horse)   164 

okanyago 124 

oleic  acid .* 129 

olive  oil 71,79,113,183,149,152 

onodaphne  opifera,  essential  oil  of 128 

opianicacid 130 


516  INDEX. 

CHEMISTBY  AND  PHABMACY--Contiiiaed. 
produots,  &0. — 

opium 1»,  145, 151. 152 

preparatioiui  of— 

alkaloid,  Fowne's 129 

apomorphine 129 

cafbine 129 

codeine 129 

oryptopine 129 

dl-,  tri-.  tetra-codela 1*29 

farf urine,  nitrate 129 

gnoscopine 129 

hydrocotamine 129 

meconine 129 

meoonoiaine U9 

morphine ^ 129 

narceine 129 

naiootine 199 

nor-narootine IJ9 

opianioacid IM 

oxynarcotine 129 

thebaino 129 

theobolactic  aoid 129 

orange — 

flower  i>erf amee 146^  146 

aacohuthte 141 

oil  of 131.138,151 

peel 155 

tree  bark 155 

oirisoil lis 

perfames 145 

osmio  acid 67, » 

ourende 131 

oxyanthracene 191 

oxynarcotine 129 

paint,  iron  preparation  a  for 98 

*palladiam,cliloride. 99 

palmi  cliriati  oil 155 

pancreatine 12S 

parocotine 119 

paraffine : 7S,11« 

pareirabrava 123 

patchouli 1S2 

pearlash 29 

pellitory 125 

pentylioacid MS 

pepper 131,132,151 

peppermint^  oil  of 118,159 

pepsin 120,121.122,151 

aaccharated 158 

peptones 122,123,148,141 

perfumes 08, 110, 115,  U8, 127, 131, 145^  146, 152, 153, 189 

cassia 145^148 

musk 145 

orange  flowers 145^  IK 

orris 145 

tonqua  145»148 

petit-grain,  oil  of 159 

phenol 70,71,7^U7,la 

^phospliates Tl 

phosphorus lill 

pills : in 

photographer's  materials 85^  118 

phthallio  anhydride 11«;U9 

physostigma 1J4 
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OHBMISTBY  AND  PHABMACY-Contfamed. 
products,  fto. — 

pfflB lO*,  117, 120, 130, 131, 158, 159 

Bag«F«oated 157.158 

pOooarpine 116,120.130 

■alto 129,130 

pimUukto 154 

piper  nMtbysUonm 127 

pistachio  nuto 151^152 

pitmi 133 

plasters 160 

*  platinum  (bm^  aito^  Metal-working) — 

bichloride 67 

chloride 67,87 

cyanide 86,119 

potash 73,74,77,82,83,06 

from  beet*root  sugar  resldnes 28,30 

sea-weed 29,48,78 

bicarbonate 93 

bichromate 107 

caustic 63,79 

chlorate 74,90 

duomate 95 

citrate 128 

mtiBte  (saltpeter) 28,73,75 

pmssiate 73,75,91,90,101 

snlpho-carbonate 83,89 

xanth*te £9 

potassa 

chlorate 86,104 

bichronate 79,95,101,102 

permanganate 85,121 

sulphate 82,102 


arseniate 73 

bichromate 73 

bromide 81,82,83,90,100,161 

carbonate 31,83 

ehkmte 81,82 

chloride 29,80,81,83,74,82,83,84,90 

cyanide 79,87 

ferro-oysnide 81,107,108 

iodide 14,81,83,90,100 

nitrate  (saltpeter) 82,88 

oxalate 63 

pmssiate 61,87 

salto 28,29,83,79,83,84 

from  Stassforth  deposito .28,29,30-32 

saint  of  wool 29,75,83 

snlphate 31,62,79,82,83 

sulphide 83 

solpho-cy  anide 82 

tartrste 74 

potro  (wfld  horse),  oil  of 150 

powdera,  bleaching 51-54,09 

explosive 153 

medicinal 117,158 

puxporine IOC 

•pyrites 9,13,14,15,19,22,74,80,81,84,88,92,04,05,90 

pyrogaUic  add 86,109 

quassia 123,133 

qnebracha  resin ...         1 54 

quina  da  Sahrador  . . , 155 

qninetom 189,140 

qoinicacid 143 
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CHEMISTRY  AND  PHARMACY— Continued, 
products,  Sco. — 

qoinidine 139 

quinine U7.120,l» 

anethol 143 

blanlphate 142 

bromated 143 

chloTo-phenate 143 

citrate 141 

dihydroxyl 143 

ferro-cyanide 142 

phenol-hydrochlorate 143 

sulphate 143 

sulphonate 143 

salts 117,142,143 

sulphate 141,112 

sulpho-phenate 143 

tannate 144 

valerianate 100,141.143 

quinone 102, 109 

quinonioacid 143 

racemio  acid 130 

reng 151 

resin - 113, 127,155 

benzoin 151 

bounafift,  orthapsia 125,128 

liquidambar 154^155 

quebraoha 154 

soammony 118,131 

^rhodium,  sodio-^ihlorlde 67 

rhubarb IS 

ricinus,  oil  of 132 

rose,  oil  of 118 

water MI 

rubidium 83 

safEhm 151,152,155 

sago 1S2 

salicyUcacid 25,7«,121 

*salts  («ee,  o^,  Stassftirth  deposits,  beUno) 13, 14, 80, 34, 85.  M,  47, 78, 79, 80, 84, 88, 90, 91, 96, 97 

ammonium 80, 95^  107,148,1(5 

atrophine 118 

barium > * 

berberine i IS 

bromine 81 

oalcium 64 

cinchona 117 

daturine 118 

epsom 98,181 

esserine 118 

glauber 29;  81, 131 

iodine 75,82 

iron 105 

lead 80,96 

magnesia 75 

mercury 74,75 

morphia  .• 100,181 

morphine U9 

potash 28,28,30-82,33,75,79,83,84 

quinine 117,142,143 

sea>water 75 

soda 80,81 

thallium 85 

tin 74, 75, 87, 90, 97.  MS 

trimethylamine W 

uranium 75,85 

vanadium 75 
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CHEMISTRY  AND  PHAKM  A  CY— ContJnaed. 
producto,  Ac. — 

saltpeter 22, 2^  28, 7ft,  78, 88,  »6, ««,  97, 90, 101 

sandal-wood 127 

santonine 144 

sarraoenia 124 

sarsaparilla 154,155 

sassafras,  oil  of 159 

sassy  bark 126 

satin-white  (fhnnbariam) 90 

scammony 116, 120 

sea-weed 29,55,5(1,81,82,83,145 

s^bastine  (exploslTe) 153 

seleniam 18,81,97 

Senegal,  gum 124 

senna 133,152 

silica    10,43 

silicates 94 

silicic  acid 45,51 

silicon 110 

^silver 13.14 

from  pyrites  residues 75 

iodide 14 

nitrate 80 

•tmarouba 123,154 

soap 98,109,110,111,131,154,100 

socaloin 129 

soda 14,32-51,73,14,70,77,78,79,80,81,84,87,88,89,90,95,96,98,99 

natural 33,96,99 

from  Greenland  cryolite 33, 77, 99 

ammonia 44-50, 76 

anthroquino-monosulphite 103 

ash 9,96,97 

bi  carbonate 73, 74, 93 

bisiilphate 16,47 

bUckash 89,90 

calcined 73, 74 

carbonate 45,74.76,83,102 

caustic 45,51,63,73,74,80,89,90,96,104 

crude 37-39 

crj-staU 45,73,74,80,89,97 

h>-popho8phate 76 

hyposulphite 78,74 

lye 39,73,103 

nitrate 15,16,27,55,73,74,88.97,155 

phosphate 70,91,107,131 

salu 80.81 

sUnnate 91,107 

sulphate 83-37,73,74,75,76,89,90,91,92,93,96,97,103 

sulphydrate 76 

sodium 68, 81 

acetate 73 

bisiilphate 22,23,24.20 

carlwnate 48, 07 

chloride 27,30,33,34,30,48,07,82,83 

ferro-cyanide —  38 

hyclrosulphite 25,20 

hyposulphite 22 

oitrate 15,16,20,27,28,45,55,97,155 

nitro-prusside 121 

silicate   — 61 

sulphate 10,14,16,22,24,30,33,34,39,61,80,81,84,89 

anhydrous 29,31,79 

sulphide 14.74 

tartrate 74 
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CHEMISTBY  AND  PHABMAGY— Contiiiaed. 
products,  &,c — 

spearmint,  oil  of Ul 

sponges 112,121 

squills 125 

starch 1» 

Stassfurth  deposiU... 28,S9,»,84 

bromium 54 

potassium  salts 28^28,90-32 

steaopsine » 122 

stearic  acid 12J 

stearine 92,148 

strontia 106,106 

strophantine 124 

strophantis  hispidus 121 

strychnine 100, 120, 10 

suet,  Tegetable 154 

snlpho-cyanide 88 

sulpholeic  acid 106 

^sulphur 9, 10, 14,  lfi»  22, 88, 48, 61, 60;  74, 76, 78, 78, 7%  80, 92, 03, 04,95,97,96, 146 

chloride 79^89,91,96 

regenerated 38,43,74,80,84,90 

preparations  for  destroying  the  phylloxera 78, 79, 82 

sulphuric  acid 0-26,84,86^48,46^64,68,61,68,78,74,76.78,77,70,80,81,82,86,87,90,92,93,91 

96, 96, 97, 98, 102, 103, 106^  106^  UO,  140, 152 

fuming  (Nordhausen) 22,24,73,168 

anhydride.  23,24,28,36,38,51 

sumac 182 

superphosphates 67,74,77,79,80,81,86^92,9196 

taohyhydrite 81 

tamarinds 151 

tan  bark 118, 127, 144, 152,  IH  1« 

extract  of MO 

tannin 88,117,119,128 

tanzy  oil 159 

tapioca 132,138 

tar 152 

tartar 144 

cream  of 75, 76, 92, 96, 97, 1^,144,  IB 

emetic 119 

tartaric  acid 64,78,74,75^79,92,144 

tetracodeia 129 

thallium 144 

salts 85 

thao 127,148 

thapsia  resin 123^126 

silphium 125 

thebaine U9 

hydroohlorote 129 

thenardide 29 

theobolactic  acid 129 

♦tin Ml 

salts  of   74,76.87,96,97,105 

tinctorial  substances 4, 144 

tobacco 151 

toilet  articles 100, 110,  HI,  U4, 115,  Ue,  186 

tonqua  beans .' 123,127,128,145,148^154 

trioodoia 129 

trimethyl-acctic  acid 143 

trimethylamine  salts 89 

tripbenylmethan © 

turpentine 158,159 

pitch   119 

turt  le,  green,  oil  of 141 

tyrosine 118 
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CHKUSTRY  AKD  TBABMACY-CmOmu^ 
prodaoto,  &c. — 

*araiiiiiin  saltB 75,85 

area 85 

▼aleriaa 145 

Talerianic  add 131,143 

▼anftdiam  talis 75 

VMllla W,  eft,  128, 124, 12«,  127. 128, 132, 141, 154, 155 

Mtificial 69-71 

Tsnillioacid 70 

vanilline 70,120,141 

rarech  (bm^  alto.  Ma-weed,  ■>»•) 81,82 

Tarnish 160 

Taaeline 116,161,162 

Terbena  essenoe 133 

oU 131 

Teimaion 12»,]30,304 

Tettiver 124 

Tinegar 132 

wood 152 

Tittrert 128,165 

wax,  beet* 72,74,118,181,144.145,149,151,154,155,159 

Tegetable 155 

wines 182,133,149,161,152 

woad 113,152 

wonnwood,  oil  of 150 

wovmli  poison 128,131 

ylang-ylang 132 

*«lnc 26, 88, 68, 80»  106, 107 

biohloride 425 

blende 10,12 

chloride 97 

nitrate.. 74 

sulphate 10,15,58,74,87 

prioea  and  quality  of  products  affected  by  oumpetition 3, 4 

price  of  alisarine  bine 107 

ammonia^oda .  46 

sulphnric  acid 22 

sulphur,  regenerated 43 

sine,  sulphate 58 

pKioea  lowered— 

of  borax  and  boric  compounds 60 

bromine ..  64,65 

sodium 60 

prices  lowered  and  quality  improred — 

of  drugs  in  "elegant  pharmacy" 114,115 

potaasium,  chloride 20 

sulphuric  acid,  fuming  (Kordhausen) 25 

tinctorial  substances 4, 101 

alisarine 104 

anthracene 104 

prices  raised 

of  potassa.  bichromate 104 

sodium,  nitrate  (from  government  monopoly  of  the  manufiscture) 28 

experiments  and  writings  referred  to— 

▼alueof 4 

by  American  Pharmaceutical  Association 115, 158 

Armsby 57 

Bechi 01 

Bentley 134,135 

Bode 17 

Ghevrenl 29 

Davis 19 

Defresne 122 

DeHemptinne 17,19 
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CHEMISTRY  AlfD  PHABMACY-^^onttmied. 
experiments  and  writings  referred  to- 
by De  Yong Mr 

Dieulafait 6B,ao 

Erlenmeyer 87 

Favre 22 

Henninger 122,13 

Hofmann 15,29 

Hurter 17,18,51 

Jolly 121 

Kolb 51 

*'  London  Pharmaoeatical  Journal  and  Tnuisaotioiis  " 115 

Lunge 15,17,18 

Pfelffer 31 

Schenrer-Keetner 21 

Tholosan 151 

Thorn 0 

Vaaquelin 28 

Vorster 17,18 

fael  used  in  maniifi(u>tare— 

coal 22,8a,4«,47,7«,78,80.82,84,88,»2,M,»,96;W 

coke '..  33,4«,I7 

expedients  to  economize 19, 20, 28,  ?6, 82, 35, 37, 39^  4B;  M 

operatives- 
number  employed  74, 78, 77, 78, 81, 82, 88, 84,88, 88, 00, 92, 93, 95,  M,  97, 00, 109,  U6, 120,150 

work  performed  by <7 

wages 88 

expedients  to  economize  labor 23, 32, 38, 39, 48^78,81 

women  as 86 

Chesobrougb  Manufacturing  Company  (New  York  City),  yaseline  fh>m  petroleam ISl,  Iffi 

Chessy  (France)— 

chemical  industry — 

pyrites 81 

Chester  (England) — 

machinery  manufacture- 
hydraulic  machinery 388 

accumulators 388 

pumps 388 

riveters 888 

Chevalier,  E.  (Paris,  France),  family  railway  carriage 447 

Chevreul,  Michel  Eug^e  (Paris,  France),  extraction  of  potassium  salts  from  snint  of  wool 2* 

CHILI— 

CUEMIBTBY  AND  PHABMACT— 

materials — 

boro-natro-oalcite • 

saltpeter 22,28^28 

sodium — 

nitrate %,ti 

MiNuia  Industuiss — 
coal — 

imports  from  Great  Britain 21S,2S 

copper — 

exports  to  France IW 

Great  Britain 213.215^222 

silver — 

production IW 

tin — 

exports  to  Great  Britain 212, 221 

CHINA— 

Chemistry  and  Poabmact— 

exhibit 111,112,15T 

c^ibitors,  number  of ^ 

awards,  number  of 7 
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CHnrA— Continaed. 

CHKMIBTBT  ASD  PHAltlfACT— 

medioamento  used 111,112 

chiefly  vegetable  (900  shown) 111,112 

extraordinary  animal  pfeparatioiia 112 

MiKIMO  IMDU8TBIU— 

importa— 

lead  Crom  Great  Britain 206,213,223 

gold  and  silver  from  United  States 348,350 

machinery,  appliances,  etc— 

tqjam,  boring  apparatus 341 

tin-smelting  furnace 342 

coal,  very  ancient  use  of  (1000  B.  C.) 270 

Chinese  miners  employed  in  Malacca 212 

Dutch  East  Indies 340,342,343,344 

Bsaca 342 

BiUiton 343 

Sumatra 344 

United  SUtea 349 

Cbiris,  A.  (Orasse,  France),  perfiimea,  pomades 115,116 

Christiania  (Norway)— 
chemical  industry- 
nitric  acid 95 

sulphuric  acid 95 

cod-liver  oU 146,147 

Chiistiansund  (Norway) — 
chemical  industry — 

cod-liver  ofl 146 

Chromium  (tee  Chemistry ;  o^,  Mining). 
Church  (England) — 
chemical  industry — 

carbolicaoid 130 

phenol 180 

CinnalMur  (tee  Mining). 
Clrey  (France)— 

chemical  industry — 

alum 81 

potash 81 

soda *. 81 

sulphuric  acid 81 

glass  manufacture 81 

CiTita  Vecchia  (Italy)— 
chemical  industry- 
alum 4 94 

alumina,  sulphate. .  - 04 

Clarke,  Rev.  W.  B.— 

writings  on  gold  deposits  in  Australia,  cit'Cd 229, 230, 237 

"  Mines  and  Mineral  SUtistics  of  New  South  Wales  " 230, 231,-246 

••Progress  of  Gold  Discovery  hi  Australasia  from  1860  to  llTl " 230 

rediscovered  gold  in  Australia  (1841) .         231 

predicted  deposits  of  tin  (1863) 237 

estimate  of  cool  deposits,  Australia 242 

on  deposits  of  quicksilver 245, 246 

Classification  of  Exhibits,  Paris  Exposition,  1878— 

Fifth  Group  (as  to  Chemistry  and  Pharmacy) 2 

(as  to  Idining  and  Metallurgy) 164 

Sixth  Group  (as  to  Steam  and  Gas  Engines  and  Machinery) 364 

(as  to  Railway  Apparatus) 418 

Claudet,  F.,  investigations  of  iron  ore 190 

{yrocess  of  gold  and  silver  extraction  from  pyrites 14, 207  209 

Claus  A;  WUlace,  ammonia-soda manufscturing  process 49,50 

process  for  purifying  illuminating  gas 50 

Clay  (MS  Mining). 
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Clermont- Ferrand  ( i-  laaoe)— 
chemical  industry— 

hydrofluoric  aoid M 

I>ota88a,  chlorate M 

sulphuric  acid  oondenaing  appanitat M 

superphosphates M 

Clermont  Fils,  Lomaire,  &,  Fischer  (France),  optioal  instruments  monnted  In  aluminium S 

"Cleveland  district "  (BnglandH- 
mining  industry — 

pig-iron,  prices 1««,  197, 200, 201. 207, 218, 217 

i ron-ston e,  yield  of  iron  from UO  note 

CLOCKS  AND  WATCHES— 

ReI'OUTON  "CL0CKBANDWATCHB8,"bySDWABDH.  KKIOBT,  LL.D 40M15 

exhibits 4054(!7 

clocks — 

exhibits 4N 

traveling 4N 

for  churches,  towers,  etc ; 4N 

to  run  a  month 4M 

year 4M 

flftyyears  4W 

a  thousand  years 4M 

not  actually  tested 406 

propelled  by  water    .  40S 

electricity 4W 

moving  orreries 4W 

pneumatic 4N 

decimally  divided 401 

watches- 
collective  exhibit^  by  France 4ll^¥A,¥tl 

Switseriand 106, 4W 

no  exhibit  of  machinery  (SM,  also,  Haohinery:  watoh*ina]diig) 405,406 

no  tests  made  by  International  Jury 411,412 

having  various  functions 407 

telling  days  ofthe  week  and  month 407 

showing  changes  of  the  moon 407 

giving  alarms ■ 407 

showing  difGarence  of  time  at  various  points 407 

striking  the  hours 4W 

small   407 

constructed  of  rook-crystai 40'7 

machine  system  of  manufMstur^— 

origin  and  growth  of,  in  United  States 40M11 

imitated,  feebly,  in  France 108^400,412 

Switseriand 408^400,411 

not  used  in  Kngland 4N 

advantages  of— 

interchangeable  parts 408,4« 

superior  workmanship 400;  400.411 

cheapness 408,411 

increased  production 411 

recent  improvements — 

Woerd's  compensating  balance 413-414 

micrometers 414 

Cloez,  eucalyptol,  antiseptic  preparation 194 

Clwydd  (»e€  Yaleof  Clwydd,  New  South  Wales). 

Coal  (see  Chemistry:  materials ;  alto.  Fuel ;  oiso.  Mining). 

Coal-tar,  production  of  anthracene  and  alizarine  from IW 

Cobalt  {see  Mining). 

CochinCbina  (0ee Franco :  colonies). 

Cockeiill  (John)  Society  (Seraing,  Belgium),  iron  and  steel  products 28S, 428 

built  first  heavy  rotary  pumping  engine  (18ir7) 285 

manufactures  in  steel ^ 

Cofiee,  tbo  CcLSsia  oeddentdlit  of  Martinique  a  substitute  for 123 

Coke  (see  Chemistry :  materials ;  cUto,  Fuel). 
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Collet.  A.  (France),  ohemioal  balanoes  made  of  aliuiiiiiiiiin 85 

CoHmann,  A.  (Vienna,  AnstrU),  yarUible  ezhaost  ateam-engine 372-375 

perapective  view 373* 

tranaverae  aection 874* 

Collodion  (m«  Mining). 

Colorado  (iee  United  States). 

Columbia,  District  of  («m  United  States). 

CommiMum  du  Mitre  (Fiance),  preparation  of  standard  measures  of  platinum  and  iridium  ...  68 

Coms(  Italy)— 

mining  industry — 

iron  808 

Compagnie  Continentale  d'Exploitation  dee  LooomotiTes  sans  Foyers  (Parla,  France),  flreless 

engines  and  cars  for  street-railways 462-4C6 

illustration  of  : 465* 

Compagnie  de  la  Fabrique  de  Tentelevo  (Saint  Petersburg,  Bnasia),  acids,  salts,  sulphates 05 

Compagnie  des  Fooderiee  et  Forges  de  Terre  Noire,  Larouelte,  et  Bess6ges  (Francd),  models  of 

their  mines  and  works 187, 188 

Compagnie  des  Mines  d'Anzin  (France),  works  of 177, 182, 183 

exhibit 182,183 

model  of  the  works 182, 183 

provision  for  the  weLbre  of  operatives 183 

Compagnie  des  Salines  du  Midi  (Montpellier,  France),  magnesia,  salts 70 

Compagnie  O^n^rale  des  Omnibus  de  Paris  (France),  style  of  street-railway  cars  used  by 450-461 

Compagnie  G6n6rale  des  Produits  Chlmiques  du  Midi  (Marseilles,  France),  soda,  manganese  . .  70 
Compagnie  Parisienne  de  Chaufbge  et  diSclairage  par  Is  Gas  (Paris,  France),  Otto's  silent  gas- 
engine  384,885 

Competition  («m  Protective  legislation). 
Comstock  Lode,  Nevada- 
mining  industry — 

gold 352,855,360 

silver 357,368,360 

Congress  of  United  States  (tes  United  States). 

Ooniferin  («s«,al«o,ChemisU'y:  manntlMtnres:  flavoring  extracts;  abo,  Forestry)— 

definition  of 60 

Connecticut  («m  United  States). 

Consorzio  delle  Saline  di  Pirano  (Istria,  Austria),  chemical  products,  salts,  bromine,  soda,  etc. .  75 

Constantia  (Cape  of  Good  Hope) — 

marshes  dried  up  and  miasma  and  fevers  dispelled  by  planting;  Euealyptut  glolnUui 134 

Constantino,  a  department  of  Algeria  («m  France:  colonies:  Algeria). 
Constantinople  (Turkey) — 
chemical  industry- 
borax  50 

Conti,  A  (Castrocaro,  Florence,  Italy),  iodides,  bromides 04 

Coorg  (BriUsh  India)— 
forestry — 

cinchona  cultivation 138 

Conqnet  (Finiatdre,  France) — 
chemical  industry — 

bromine 81 

iodine 81 

potassium,  bromide 81 

chloride 82 

iodide 81 

nitrate 82 

sulphate 82 

Cojienhagen  (Denmark) — 
chemical  industry — 

soda  from  cryolite 77 

Copiier  {iee  Metal-working;  alio.  Mining). 
Corbehem  (France) — 
chemical  industry- 
potash  from  beet-xoot  sugar  residnes 83 

rubidium  flrom  the  same 83 
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Cordelia,  A.,  his  ''La  Oriee  iur  le  Eapport  CUologiqu* €i MinercUogigtUt'*  cited 232 

••Zrtfiattrittm,"  cited 332, 334,33^336 

archceological  mining  models,  exhibited 339 

Cordelia,  A.  (Z6phyria,  Greece),  almn 91 

Cordova,  province  of  (Spain) — 
mining  indastry — 

coal 314 

Corfti  (Greece) — 

chemical  indabtry — 

salt 91 

Cotk  (Ireland) — 

chemical  industry — 

magnesia,  calcined 91 

carbonate •. 91 

Corliss,  George  H.  (Providence,  R.  I.),  steam-engine  inventor  and  bnilder— 

his  patterns  adopted  by  other  builders 865, 366, 3(J7, 377, 380 

in  France 367, 380 

Switzerland 377 

his  valves  adopted 367, 368, 372 

Cornelia,  A.  (Diest,  Belgium),  desiccating  bottles,  pharmaceutical  preparations HI 

Comet,  writings  on  the  mineral  industry  of  Belgium,  cited 272 

Cornwall,  England^ 
mining  industry — 

copjier , ^ 

tin  236,237,340 

Correy,  variable  cut-oflf 371 

Conillet  (Belgium)— 
chemical  industry — 

soda 48,76 

hydrochloric  acid 76 

Court,  J.  (Grasso,  France),  perfames,  pomades 112, 116 

Cousin  (TYance),  safety  hoisting  apparatus  for  mines — 183,  Ihb,  If^ 

Crafts,  J.  M.  (Cambridge,  Mass.)  &  Friedel,  C.  (Paris,  France),  method  of  preparing  triphenyl- 

methan  and  benzophenon ^j 

Creuzut  (Sa6ne-et- Loire,  France) — 
manufactures — 

iron  and  steel 420,434 

steel  rails 420 

railway  apparatus — 

locomotives 434, 435 

Creuzot  (Fiance)  Steel  Works  (»ee  Schneider  d^Co.). 

Cros,  B.  (Narbonno,  France),  sulphur 78 

CroAs,  Robert*,  assisted  in  introducing  cinchona  cultivation  in  India 137, 188 

Cuba  {8es  Spain:  colonies). 

Cudgegou*;  Kivcr  (New  South  Wales,  Australia)— 
mining  industry — 

cinnabar 245, 346 

Dagucstan  (Caucasus,  Russia) — 
miuin<;  industry — 

sulphur 280 

Dakota  (see  United  States). 

Darasse  &  Co.  (Paris,  Franco),  vegetable  extracts 117 

Daubin  (Paris,  France),  method  of  producing  benzole  acid 64 

exhibit  of  the  same 87 

David  &,  Co.  ( Moustier,  Belgium),  soda,  salts,  etc 76 

Davids,  J.  (Toronto,  Ciinada),  chemical  products 77,112 

Davis,  experiments  in  sulphuric  acid  manufacture 19 

Davis,  E.,  pruceMS  uf  manufacturing  soda  and  superphosphates SO 

Day,  Dr.  (Geelung,  Victoria,  Australia),  disiufectxvut  pn^paration  of  turpentine,  benzine,  and  oil 

of  vcrbrna 131 

Day.  A ustin  G.  (New  York  City),  kerite  insulated  telegraph  wire  and  cables 162 

Deneon.  Henry  ( Widncs,  England),  ammonia-soda  manufacturing  process 44 

Dea<M>ii  &.  Ilurter,  chlorine  manufacturing  process ^53^54 

Dcbray  (France),  investigation  of  the  properties  of  platinum 6S 
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Page. 
Decanville  aln6  (Petit-Bourg,  Seine*et-0i80,  France),  iron  portable  tramway,  for  roincH,  farms, 

factories,  etc , 4  57-4  60 

moBtrations  of 457»-4C0* 

rail 457* 

joint 457* 

rail  with  cars,  for  mines  and  quarries 458* 

car,  for  mines 459* 

tramway  in  operation  on  sugar  plantation 460* 

Decize  (France?) — 

early  coaI*mining 17G 

D6clat  d:^  Co.  (Paris,  France),  phenol  for  hypodermic  use 117 

Decle  Sc  Co.  (Rocourt,  France),  alcohol,  salts,  potash,  soda 83 

De  Dienbcim-Brochocki  (Boulogne,  France),  sulphite  of  alumina,  disinfectants,  chlorozono 6G 

Defiresno  (Paris,  France),  theories  of  digestive  principles  .  .  — 122 

De  Gonsillior,  process  of  manufactnriug  potassium  carbonate 31 

De  Groat  dc  Co.  r  Amsterdam,  Netherlands),  vanilla,  vanillin,  cinchona 141 

De  Groot,  Cornelias,  chief  of  Department  uf  Mines,  Dutch  East  Indies- 
account  of  mining  industries  in  Banca,  Billiton,  etc.,  cited 340-343 

discovered  tin  deposits  in  BilUton  (1851) 343 

De  GrousilUers  (Germany),  ammonia-soda  manufacturing  process  48 

De  Hemptinne,  annular  furnace  for  burning  pyrites  10 

vitriol  chamber 10, 17 

method  of  concentrating  sulphuric  acid 19 

Deiss  &  Fils  (Paris,  France) — 

apparatus  for  extracting  oil  from  residues  of  olive  presses,  candle  factories,  etc 78, 79 

sulphur,  bisulphide  of  carbon,  etc 79 

Deiss,  K.  (Paris,  France),  method  of  manufacturing  bisulphide  of  carbon  for  dcfttruction  of 

the  phylloxera 79 

De  Lagarde,  Denis,  statistics  of  Spanish  mining  industries 313 

De  Laire  &  Co.  (France),  vanillin    120 

Delaistre,  direcU^r  of  Western  Railway  Company  of  France —  431 

De  Larderel,  Francis  (Leghorn,  Italy),  boracio  acid 94 

Delaware  (8ee  United  States).  ^ 

D^cambre,  Isidore  (Paris,  France),  type-composing  machine 393 

De  rficlu8e-Tr6vo6dal  Fr^res  (Audidme,  Finist^re,  France),  iodine  from  sea-weed,  potash, 

bromme,  etc 82 

Dclgardo,  Nery  (Portugal),  geological  investigations 322, 323 

Dellamoro  (N. )  &.  Co.  (Cesena,  Italy),  sulphur  93 

Del  Miir.  A.,  his  "  Ileport  on  Silver  Pro<laction  in  the  United  States  "  cited 345, 358,  359, 360 

Dclpeeh  (P.irin,  France),  preparations  of  cubebs  and  eucalyptus 117 

De  Luca,  Prof.  S.  (Royal  University,  Naples,  Italy),  mannite  from  the  olive,  cream  of  tartar  from 

the  myrtle    142 

Demartiui,  J.  (Prague,  Bohemia,  Austria),  wax,  fats,  rose-water 110 

DeMiUy,  A.  (Vienna,  Austria),  manufacture  of  glycerine Ill 

DemoutiH,  Queues^ttn,  &  LeBrnn  (Paris,  France),  platinum  stills  and  technical  objects,  osmium, 

palladium,  ruth«*niiim,  osmium-iridium   87 

DeMortio  (AI.)  4t  Co.  (Burkeville,  Va.),  oil  of  sassafras 159 

DENMARK  {see,  ateo,  A mak,  Copenhagen) — 
Cii£Mi»Tur  AND  Pharmacy— 

exhibit 77,112 

exhibitors,  number  of •  7 

awnnls,  number  of 7 

manulaotures — 

alumina,  hydrate 77 

sulphate 77 

calcium,  fluoride ." 77 

potaeli  from  kelp 48 

siUt|>«;fer 28 

soda  fn»ra  Greenland  cryolite 33, 77 

by  ammonia  process 40, 48 

sulphuric  acid 77 

superpliosphates 77 

openitives,  number  employed 77 

imports,  cryolite  from  Greenland 33, 77 
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DENMARK— Gontinaed. 
Clocks  and  Watcheb— 

exhibit «« 

Machinery  (incladlng  tools,  implementa,  applianoea,  procesMS) — 
chemicals — 

soda  manufacture — 

ammonia  process  (Solvay's) ¥^46 

MiNIKO  iNDUfiTRlXS—  ^ 

coal  imported  from  Great  Britain fiS 

COLONIES- 
GREENLAND— 

Chemical  Matbbialb— 

cryolite 38,77,98 

deposits  of 77 

chemical  composition 77 

soda  manufactored  from— 

in  Denmark 33,77 

UnitcdStatos 83,98 

Pennsylvania 98 

displaced  by  baazite  in  Ghermany 77 

De  Planzonet.,  J.  A.  ( Paris,  France),  pure  chemicals  used  in  laboratory  and  electro-metaUnrgy . .         87 

Derriey-Dalloz  (Paris,  France),  continuous  rotary  Job-printing  press 393 

D6sandroins,  Vicomte,  discovered  coal  at  Fresnes  (in  1720)  and  at  Anzin,  France  (in  1734)  178 

Desmazures,  C.  (Maisons-Lafltte,  France),  borax 83 

developed  borate  deposits  in  Asia  Minor 59 

imports  Turkish  borate 83 

Desmontis,  Quenssen,  &  Lebmnne  (Paris,  France),  apparatus  for  distilling  sulphuric  acid  20 

Desnoix  &  Co.  (Paris,  France),  hematoaine,  iron  extracted  from  blood 117, 118 

De  Soto  Alkali  Company  (Widnes,  England),  soda 89 

Deville,  Sainte-Clairo  (France),  investigation  of  the  properties  of  platinum 6 

Devonshire  (England)— 
mining  industry — 

tin 3« 

De  Vr^,  Dr.  J.  E.  (The  Hague,  Netherlands),  method  of  manufacturing  quinetnm 139 

exhibit  of  quinetum 140 

Do  Tong,  Dr.  (Norway),  introduced  medicinal  use  of  cod-liver  oil,  1840 147, 148 

Diamonds  (see  Chemistry;  aUo,  Mining). 

Dietrich,  metbod  of  producing  tartaric  acid 64 

Diest  (Belgium) — 

chemical  industry — 

desiccated  drugs  and  plants Ill 

bottles  for  presexving Ill 

Dieulafait,  theory  of  the  formation  of  boric  acid  in  fumaroles  of  Tuscany 59 

Di  Marzo,  D.  (Tufo,  Italy),  sulphur 98 

Di  Marzo,  G.  (Tufo,  Italy),  sulphur 98 

Dinros  (Wales)— 

slate  quarries 455 

narrow-gage  railway  to 445-457 

District  of  Columbia  {^ee  United  States). 

Dixon,  W.  A.  (New  South  Wales),  writings  on  the  treatment  of  pyrites,  referred  to 235 

Djebel  Haronaria  (Oran,  Algeria)— 

ironmines 189 

Dodabetta  Peak  (British  India)— 
forestry — 

cinchona  cultivation 138 

Dollar,  derivation  of  the  name 309 

Dollfus,  A.  (Mulhouso,  Germany),  theory  of  properties  of  alizarine  in  dyeing 106 

Dominion  of  Canada  (see  Great  Britain :  colonies). 
Domtrtoo  (Greece)— 
chemical  industry — 

salt 11 

Don,  government  of  the  (European  Russia)- 
mining  industry — 

coal •• 
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Donadeo,  Prof.  H.  (Carpanzano,  Italy),  borate  of  caffeine 14tt 

Dony,  Abb6,  constmcted  first  furnace  for  the  redaction  of  sine  (1806) 290 

Dorroolt,  F.  L.  H.,  director  of  the  Pharmacie  Centrale  de  Fraooe  (Paris  and  Saint-Denia) 118 

manufactare  of  general  chemioala,  phannaceatioal  confectionery,  proprietary  articles 119, 120 

Donbrovka  (Russia)— 
ohemjoal  industry — 
etherial  oils — 

mustard ISO 

peppermint 160 

Doabfl,  department  of  (France)— 
mannfactnres — 

watches 400,407 

collective  exhibit 407 

DoQglas,  method  of  obtaining  ferro-cyanide  from  gas-lime 00 

Donglaa,  process  of  boring  for  StassAirth  minerals 80 

Dreaden  (Saxony,  Germany) — 
chemical  industry — 

alnminium 58 

Droydopple,  William  (Philadelphia,  Pa.),  borax  soap 160 

DiiscoaF.D.  (Well  Water,  Ya.),  oil  of  sassafras 160 

Droittecourt  (Oise.  Fnmoe) — 
mining  industry — 

rollingmills :         387 

Droadov  (Lower  Austria) — 
chemical  industry — 

potash,  prussiate ' 78 

Dublin  (Ireland) —                                                 •  < 
chemical  industry- 
chlorine * . .           80 

lime,  chloi-ide 89 

soda,  sulphate 80 

Dnboia-Caplain,  H.  (Paris,  France),  nitrate  of  silver,  chlorides  of  gold,  platinum,  palladium,  etc.  86 

Dnboso  &,  Co.  (Paris,  France),  quinine 117 

general  chemicals  118 

Dnchemin  (£m.)  &,  Chouillou,  fid.  ( Rouen,  France),  soda  products,  superphosphates 80 

Ducla,  method  of  preparing  salts  of  aluminium  — 58 

Dofonr  Bros.  (Oenoo,  Italy),  mannite,  quinine 143 

Dumont,  Andr6,  estimate  of  coal  deposits  in  Belgium    274 

Dnnlop  (Scotland),  method  of  regenerating  oxide  of  manganese 53,00 

Dnpasquier,  method  of  purifying  sulphuric  acid  23 

Dupuy,  preparation  of  alizarine  for  dyeing 107 

Dnrand  (L.)  &  Huguenin  (La  Plaine,  Switzerland),  chemical  coloring  materials 160 

Durham  county  (England)— 
mining  Industry — 

iron  prodncfion 100 

Dnsanlx,  C.  J.  (Paris,  France),  apparatns  for  instantaneous  generation  of  steam  (by  i>etrDleum, 

naphtha,  etc) 885-887 

mnstration.  886* 

Duteme  (France),  stufling-boxes  for  locomotives 482-416 

Dyar  (England),  ammonia-soda  manufiMsturing  process 44 

Dyeing  {te€  Chemistry:  products;  o^,  Textile  Fabrics).  '• 

Djmamito,  dynamite-gum  (•?«  Mining:  explosives). 
Dzwiniacz  (Galicia,  Austria)— 

ozokerit  deposits.  72 

Evthen  ware  (aes  Ceramics). 

"Economist"  (periodical,  London,  England),  cited 106,197,213 

Ecreoaes-Locle  (Switzerland) — 
chemical  industry- 
artificial  black  diamonds 156 

diamantine,  for  polishing  Jewelry v 156 

powder  of  rubies,  for  drilling  rook  ....k         156 
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Bdinbargh  (Sootlaad)'- 
ohemioal  industry-^ 

opiam m 

preparatloiis  of— 

alkaloid,  Fowne's VB 

Apomorphine 121 

caffeine 129 

oodoino IS 

oryptopine IS 

farfurinef  nitrate. lit 

gnoeoopine 129 

mecooine 120 

meoonoiaine 129 

morphine ^ 121 

naroeine. 129 

thoboine 129 

theobolaotio  aoid 129 

di,  tri,  ti  traroodeia 129 

hydroootamine 129 

narootine,  nor*narcotine 139 

opianioacid f 199 

oxynarootine 129 

chloroform 199 

KGYPT— 

MiMUfO  INDUSTBIU— 

coal  imported  fh>m  Great  Britain 2!S 

Eiohom  (Swtden),  peat>working  machine    * 26( 

Ekaterinofllav,  government  of  (European  Boasia)— 
mining  induatry— 

cool 259 

copper 288 

iztm  259 

Skegrftn,  H.  R.  (Genera,  Switserland),  watchea ^ 497 

Ekersund  (Norway) — 
mining — 

titanic  iron  ore 298 

Elba  (ae*  France :  proyinoea). 
Elbogen  (Bohemia,  Aoatria) — 

vitriol-slate  dopoaita. ^ B 

'*:Qegant  pharmacy"  («m  Chemiatry :  manulbotarea,  etc). 
XUzabethpol,  government  of  (Caacaanaf  Boaaia) — 
mining  indoatry— 

cobalt 25* 

copper 2S 

BPiott  Sc  BnaaoU,  revolving  ftonace,  for  erode  soda  mannfactorc 37 

Employers  (sm  Operatives). 

f  Engineering"  (periodical,  London,  England),  illnatrotiona  and  descriptions  of  locomotives, 

quoted  from 43^430*.4«,444' 

Engines  {§ee  Machinery)— 

Bbpout  on  ' '  Stbam  and  Qab  ENonnta, "  by  Andrew  J.  Sweeney  {indexed  wruUr  Machinery) .  869-387 
Englaad,  English  (tee  Great  Britain). 
Erivane,  govenmient  of  (Caocasns,  Boaaia)— 
mining  indostry- 

/.  copper tS 

Erlenmeyer,  Dr.  £.  (Monich,  Bavaria),  theory  of  the  reaction  in  the  mannfiactore  of  anperphos- 

phatos 57 

proceas  ftnr  producing  cyanides. 99 

Brsgebirge  (Bohemia,  Austria) — 
mining  industry- 
early,  in  the  aixteenth  century .^. 999 

bismuth , 30^991 

cobalt 300,391 

lignite  29* 

nickel 3M.391 

Silvor 308,391 

uranium 309^391 
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lh¥hMi¥  (Hew  South  Wnlet,  Australia)— 
mining  indusUy — 

ooal 243 

K»lhon<e,  goyenunent  of  (EnropeAn  Raitia) — 
mining  indostry — 

oool 258 


ancient  iron  mines  of,  in  Elba *....         106 

Eoreka,  Nevada- 
mining  indubtry — 

process  of  ooncontratiog  sOyer 187 

Syans  (J.  P.)  A  Co.  (Indianopolis,  Ind.),  flaxseed  and  linseed  oil 182 

Srora  ( Portugal)^ 
mining  industry — 

copper   3 10 

XxeU  (Idria,  Austria),  inyentor  of  iron-clad  ftimaoes  for  qnioksOyer  extraction 803 

Exhibition  (Mf  International  Exhibitions). 

Explofliyes  used  in  minings 

dynamite,  giant-powder 184, 185 

dynamite-gum 185 

nitro-glyoerine 184,185 

saltpeter  powder ..         184 

Fftbbrioa  Lombarda  di  Prodotti  Chimloi  (Milan,  Italy),  quinine,  derivatives  of  cinchona  alka- 
loids   ...142,148 

Elabriqne  des  Produits  Chimiques  d'Auvelois  (Auvelais,  Belgium),  chemical  products,  acids, 

sulphur,  phosphates 78 

Fshlon  (Sweden) — 
mfaiing  industry^ 

eoppor.  •...         204 

ore-dressing  works 204 

gold  extracted  from  copper  pyrites 285 

primitive  appliances 288 

Fairlie  Engine  and  Boiling-Stock  Company  (London  and  Bristol,  England),  locomotives — 445, 451-454 

of  standard  gago 451 

narrow  gage 452 

with  double  boiler,  double  bogie 452-484,450 

illustration   , 452* 

adopted  in  Australia.  452 

Ireland     452 

Mexioo 452 

Norway 452 

Peru 453 

Russia.. .* 452 

Yenesnela 452*«458 

Wales 452,450 

Fisirlie,  Robert  F.  (Bristol,  En^^and),  engineer,  inventor,  manufiusturer  445,451-454 

FaDer,  Oeorge  J.  (Philadelphia,  Pa.),  sewing-machine  oil 168 

Ftsttening  swine  on  ofurraway  oil-cake,  in  Austria 110 

Fathom,  Portuguese  measure  (=  88.56  inches),  definition 319  noU 

Faure  A.  Blessier  (Clermont-Ferrand,  France)— 

am»aratus  for  concentrating  sulphuric  acid 19, 20, 21, 80, 87 

exported  to  United  States    20 

productlonof 80,87 

superphosphates,  acids  for  etching  on  glass,  etc 80 

Flayre,  A.,  report  on  manufacture  of  sulphuric  acid  in  France 22 

Fiayre-Perret,  Edward  (Switserland),  Jadge  at  tho  Centennixil  Exhibition,  1876,  report  on  ma- 
chine-watchmaking in  the  United  States,  referred  to 411 

Felanix  (Spain)— 

chemical  industry^ 

ether 98 

Ferdinand  II,  King  of  Sicily,  imposed  duty  on  exported  sulphur,  which  caused  extraction  of 

sulphuric  add  from  pyrites  in  Great  Britain 207 

Fertilisers  (««•  Agriculture). 
Fsstiniog  (Wales)- 

narrow-gage  railway  to  Port  Ifadoc 450-'4fl7 
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Finland  {tee  Rnssia:  provinces), 
llnmark,  proTince  (Norway) — 
mining- 
graphite  m 

Finmorken  (Norway) — 
fishery — 

cod 14e»U7.148.1« 

Fire-clay  (««•  Ceramics), 
fish- 

cod-fisheries  of  Norway 146-ltt 

at  Bergen l«,lfl 

Finmorken 140, 117, 148, 1« 

Sondmore  and  Bomsdnlen IM,  147, 148 

VestQord  and  Lofoden 148,147 

fishermen  employed 147 

Newfoundland 148 

sponges Ul 

mannftMstores— 

fllhnmen,  from  fish-eggs  Iff 

ood-liver  oil — 

for  medicinal  nse  {tee  Chemistry). 

technical  use  .   ..  147,148 

tanning 148 

refhse,  formanore 147,148 

process  of  manufactare 147,148 

gine 181,144 

ichthyncolla,  froin  fish-entrails,  for  fining  wine IS 

Fish  QIae  and  Gelatine  Mnnufisctory  (Lysekil,  Sweden),  ichthyocolla 151 

Ffnme  (Itoly)— 

ohemlcol  industry 144 

Flamm,  Lipdt  (Worseta,  Hungary),  fish-glue 144 

Flaud  (G.)  A  Cohendet  (A.)  (Paris,  France),  rertioal  compound  "brotherhood"  steam-engine..  381,381 

▼ertioal  longitudinal  section 881* 

transverse  section 91* 

Fleurier  (Switzerland) — 
chemical  industry — 

pharmaceutical  preparations  10 

extracts\>f  Alpine  plants   IB 

flAne  (Belgium)— 
mining  industry — 

lead at 

zinc 01 

furnaces 01 

zinc-blende  roasting  ftimaces 80 

Florence  (Italy) — 

chemical  industry — 

potash,  bicarbonate 0 

soda,  bicarbonate 0 

Royal  Technical  Institute- 
analyses  of  mineral  ftiel  at 80 

Florida  {tee  United  States). 

Florin,  Austrian  money  (paper  florin  =  $0  4435 ;  silver  florin  =  $0.4878),  definition  of W 

Fontaine  TEvAque  (Belgium)— 
mining  industry — 

coal TM 

FORBSTBY- 

woods  produced — 

acacia  deourrens  (yields  tannin) 10 

pycnantha  (yields  perfume) 10 

beech 40 

bully-tree 10 

Campeachy  dye-wood 134 

cinchona U544flil41 

medicinal  properties  and  preparations  {tee  Chemistry). 

indigenous  to  East  Indies 08 
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Pago. 
fORBSTBY— Gontintted. 

woods  produced — 

einchona — 

indi^^eDOos  to  South  America 123,  ia&-iafl 

aocUmated  in  Ceylin 137 

India 186-140 

Java 141 

Mnrtiniqae 123 

icnlyptna 128,188-135 

medicinal  propertiea  and  preparationB  (tM  Chemigtry). 

proof  ogabiBt  the  teredo 128 

as  a  timber  tree 133 

antt-mnlarifti  power , 134, 135 

drains  by  absorption 134,135 

indigenous  to  Australia 128, 1 34 

acclimated  in  Algeria 126,134 

Argentine  Bepablic 154 

Cape  of  Gtood  Hope 134 

Cuba 134 

Italy 184 

Portugal 331 

Spain 184 


flr. 


425 

pine 425 

products— 

eharoool 152,158 

coniferin 89, 78 

cork  ..  118,128 

creosoteoil 152 

dyeing  materials 124,185 

eucalyptus  («m,  oIm,  Ckeiuistry :  products) 128 

gums 127,133,162,154 

acariodes 189 

balata 128,131 

bnnya-bunya 188 

gutta 151 

Senegal • 124 

gntta-peroha 182,155 

resins U3, 127, 155 

benzoin 151 

bounafi^  or  thapsia 125,128 

liquidambar 154,155 

quebrocha 154 

Bcammony 118,120 

sassy  bark  (poison) 125 

tanning  bark  and  extraotB 113,128,133.185,144,162,155,188 

tar 168 

tari>entine   152, 158 

pit«h  (for  brewers)  110 

wcod-vinegar 162 

Dianufiictures— 

dncbona  preparations,  quinine,  etc  (sm  Chemistry). 

oork 118 

cross-ties  for  railways 424, 425, 427 

mugho  pine  essence  (antiseptic,  disinfectant,  perftime,  etc.) 118 

oxalic  acid,  from  pine  sawdust 03, 148 

potash 98 

td^raph  poles 425 

TanUlin, fipom  benzoin  resin ,....  71 

coniferin  of  red  and  white  fir  trees 69. 78 

naehinery— 

cork- working 118 

poatworldng 263,284 

portable  tramways  for  use  in  forests,  etc 457, 468 

illustrations 457*.  468*,  45ir,  480» 
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PORBSTRY-Oontintted. 
maohinery — 

tree-felling  engine  (saw) 881,381 

illustration 88r 

processes- 
treatment  of  wood  to  resist  decay 434, 4^  til 

by  creosote,  pneomatio  process 424,425 

solpbateof  copper,  pneumatic  process 424,42$ 

bidiloride  of  zinc,  pressure 435 

timber  work  in  ancient  Roman  mines,  in  Portugal,  (accid^itaUy)  preserred  by  pres- 
ence of  cuprio  sulphate 324  and  imCi 

Forst,  Dr.  C.  (Milan,  Italy),  chemical  director  of  the  Fabbriea  Lombarda  di  Prodotti  Chimici .  .        142 

ForstaU  &  La  Rose  (New  Orleans,  La.),  turpentine 190 

Forster  Sc  Gregory  (Streatham,  London,  England) — 

chemicals  for  general  use,  for  manuikcture  of  India-rubber 9 

acids,  salts,  hypophosphites,  benzine 131 

Foumouse  Frdres  (Paris,  France),  cantharidine 118 

Fonrdrinier  paper- working  machine 3K 

Fowler  (John)  A  Co.  (London,  England),  traction  engines 384 

Fox,  Walker,  &Co.  (Bristol,  England),  locomotive 445 

Fiano  ( =  20  cents),  definition  of 180 

FRANCE  («ee,  also,  Aberrrach,  Fresnes,  Petit-Bonrg, 

Alais,  Froidvent,  Pierre- Benite, 

Anizy-le-ChAteau,  Gennevilliers,  PontTAbb^ 

Anzin,  Girand,  Pont-sur-Sambre, 

Argenteuil,  Grand-Combe,  Pnteaux. 

Asnidres,  Grasse,  ^     Reims, 

Audi&me,  Hautmont.  Rocbe-la-MoliAre, 

Besancon,  Kerhuon,  Rocourt, 

Boulogne,  Laneuyerille,  Roubalz, 

Brassac,  Lille,  Rouen, 

Bray,  Lyons,  Saint-Bel, 

Channy,  MaisonB  Laffitte,  Saint-Denis, 

Cheasy,  Marseilles,  Saint-Gobalna, 

Cirey,  Monlpellier,  Sainte-Marie. 

Clermont-Ferrand,  Nancy,  Saint-Saulr^-les-ValenoiflDBM. 

Conquet,  Narbonne,  Salindrea, 

Corbehem,  Nesle,  Sedan, 

Crenzot,  Nogent-sur-Mame,  VerangeviUe-Dombssle, 

Dreize,  Noyon,  Vienne. 

Doubs,  Panchot,  Viyiea, 

Droitteoonrt,  Paris,  Wardreoquea) — 

AOBICULTUBB^ 

fertilizera— 

kelp  preparations  (potash) 9,91 

destruction  of  noxious  insects- 
phylloxera — 

sulphur  preparations 78,71 

carbon,  bisulphide 71 

potasl^  sulpbo-carbonate B 

products— 

areneineand  vanillin  obtained  from  thepericacpof  oats 71 

beet-root  sugar- 
chemical  products  from  the  residues  of  the  manuCMtnr^— 

potash 88^B 

salts B 

flowers  and  herba  used  in  chemical  industry 115,  111 

hops 112 

madder 100,113 

coloring  properties 81 

superseded  by  alizarine 114 

cultivation  abandoned U3 

olive  oil 113 

saflfh>n,  grown  as  a  dye-staff 113 

woad,  grown  as  a  dye-stuff 113 
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ntANCE— Continued. 


chemical  apparatn*— 

stone-wftre  recipienU  for  snlphnrio  acid  in  vitriol  ohamben 16 

Cremistbt  axd  Phabmact— 

ezblbit,  cliemical —  77-«7, 187 

pharmaoeatical 11^123 

exhibitors,  number  of 7 

awards,  number  of 7, 8 

condition  of  the  industry 8, 78, 77, 118, 114 

neglect  of  improvements  and  labor-saving  machinery  and  processes 78 

manufactures— 

alixarine 100-105,118 

blue 106-108 

alum 79,86 

aluminium  (tee,  aUo,  Metal- working,  beUno) 84, 85 

sulphate,  from  iron-ftimaoe  slag 68 

artificial  ice,  by  hydrosulphurous  anhydride  25 

baryta 80 

benzoicaoid 64 

borax : 68,78 

bromine 65,81,82,88 

carbon,  bisulphide,  for  destroying  the  phylloxera 70 

chlorine  and  bleach ing  powd er 52 

cinchona  preparations,  quinine 117 

cyanides    6(MB 

"elegant  pharmacy" 114.115,119,120,168 

iodine  fhrai  sea-weed 29^65,56,78,81,82,88,84 

competition  fh>m  American  supply 55,56,78 

iron,  sulphate 85 

nitric  acid 27, 79 

oxalic  acid 68 

parafBne  from  osokerit 72 

perfumery 114,115,116 

phthallic  anhydride 119 

potash,  frt>m  beet-root  sugar  residues 80 

prussiate 87 

sulpho-carbonate,  for  destroying  the  phylloxera 88 

potassium,  bromide 82 

chloride,  ftt>m  salt  gardens 29, 80, 78 

salts,  from  suint  of  wool 29 

soda 82-61,77,78,80.81 

sodium,  chloride 83 

hydrosulphite,  for  dyeing  woolens 28 

sulphate,  anhydrous,  from  mother  waters 29, 80, 81, 83, 79 

sulphur 78 

prepuations  for  destroying  the  phyUoxsra 78,79 

sulphuric  acid 9-26, 79, 80, 81 

Aiming  (Nordhausen) 24 

superphosphates 67,79,86 

tannin 119 

tartaric  acid 79 

vanilla,  artifldal    ..  69,120 

production  and  consumption- 
alum  79^86 

alumina,  sulphate 86 

aluminium 81 

baxyta,  chlorate 119 

bauxite 84 

beeswax 118 

benxoioaeid 64,87 

borax 83 

bromine 81,83 

calcium,  phosphide 119 

iphor 83 


1 
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FBAKCE— Continued. 

Chsmistbt  aud  Phabilvcv— 
prodoction  and  consnmptioD — 

oarbon,  bisulphide    71 

copper,  sulphate 4lM)426 

creosote 424t^ 

gnUioacid 11» 

honey lU 

hops 112 

hydrochloric  acid 96,0 

hydrocyanic  aoid 87 

iodine 55^81,82,88 

iron,  sulphate *      88 

kelp 8S;8I 

J  lime,  chloride 80^84 

madder 113 

magnesia,  sulphate 84 

nitric  acid 82L87 

oUveoU Ill 

.    perfumer's  articles Ill 

potash,  from  beet-root  sugar  residaes 81 

sea- treed 81,81 

potassium,  chloride 84 

cyomde 87 

pyrites  9;80^84 

quinine,  cinchona -, IIT 

leshi UJ 

salt 78,M,84 

soda 82,50,77.80.81,82,811,84,87 

sodium,  chloride .         81 

sulphur 78,80,64 

sulphuric  aoid 9^77,80,81,8! 

superphosphates 81 

tan-bark 113 

tannin 118 

tartar  emetic Ill 

tartaric  acid 71 

vanilla 81 

sine,  bichloride US 

sulphate  87 

manufitcturing  processes,  apparatus,  machinery — 

alumina,  sulphate,  from  bauxite.  Butter's  process 81 

carbon,  bisulphide,  Deiss's  method 79 

cyanides iWl 

Tchemiac's  process 61,0 

flower  essences,  i»erfumes , 118^117 

hydrochloric  acid,  Woulff's  bottles 87 

Merle's  coke  towers 84 

nitric  acid,  Julian's  electrical  process 27 

oxalic  acid,  from  waste  of  brass  and  copper  works,  Anelin's  process 68 

potash  salts  fh>m  sea- water,  Merle's  imptovement  of  Balard's  process 84 

soda,  Lcblanc's  process 80,4i,4& 

ammonia  process  (Solvay)  44-56,78 

Tbirion's  process   51 

Th^len's  procesH 88,88 

sulphuric  acid — 

pyrites  burners 10,11,12,14 

▼itriol  ohombers 1&16 

Gn^y-Lussac's  tower 10,18,11 

Glover's  tower 17,18,78 

concentrating  apparatus 19-21 

Faure  &  Kessier's 191,20,21 

purifying  process 21 

sui>erphosphates,  Thibault's  continuous  process 57 

vanillin,  from  aveneine,  extracted  firom  pericarp  of  oats  (Serullas) 71 
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RAKCS-ContiniMd. 

CHBOBTBT  AlTD  PHABMACT— 

ftiel  nted  in  mMiiifiaotiiTe— 

001^ ^ 22,47,78,80,82,84 

in  roflnlng  ralphnr 78 

nuuiafiicturing  aodft 80,84 

potaah  and  ■eO'Weod  pfiodaots 82 

coke 47 

expedients  to  economise 20 

operatiyes— 

nomber  employed— 

in  soda  industry 78,80,84 

™*n*ng  pyrites 80,84 

potash  manafaotnre  from  sea>ireed 82 

preparing  kelp 82 

general  chemical  manoDutiire 88,116,120 

prodoets,  by-prodaots,  matexials— 
aolds~ 

acotio 86 

benxoic 64,87 

boracio 83,86 

oarbonio 31,45,114 

citric 86 

gallic 86,86,110 

hippuric 64 

hydrochloric 87.45,62,63,64,80,82,84 

hydrocyanic » 87 

hydroilaoric 86^87 

hydrosalpharons 25 

nitric 20, 276, 8, 70;  82, 87 

camic 86 

oxalic 68 

pyrogallio 86^110 

raoemic 120 

sallcyUc 25,121 

silicic 45,51 

solphuric 9120,22,26^4^61,68,77,70,80,81,82,86,87.08 

fuming  (Notdhaasen) 24 

tartaric 64,79 

alantine 118 

alcohol 81,88 

methylic 80 

alisarine 100,118,118 

alkaloids 117,120 

alnm 79,81,86,87 

•lamina 45,79,84,85,86,87 

sulphite 86 

aluminum 84 

sulphate 58 

ammonift 81,44,45,61,62,68 

amncninm^ 

chloride 31 

salts 30 

sulphide 61 

snlpho-^sarbonate 61 

sulpho^syanide 61,62 

anthracene 79,100 

anthraquioone 70 

antimony 117 

atrophine 116,118,119,120 

arenine 71 

barium,  binoxide 85 

chlorate 86 

80 


i 
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FRANCE— ContimiecL 

CHBMIbTBT  AlTD  PHABMACT— 

product*,  by-produoto,  materia  la 

baiyta «,  80^111 

ohlorate Ul 

bauadte 79;M,ai 

beeswax 113 

bensoph^ion K 

biBmath 8S^M^U8 

bleaching  preparatioDB 58,  iB 

borax 50^78^0 

bouDaforeein 125^  UC 

bromine 48,81,82,8 

oadroiom,  iodide 118,lll 

aalU e 

sulphate Ill 

caffeine IM 

calcium,  chloride : 45^S!,n 

manganite 98 

phoephide 81^111 

salt M 

sulpho^yanide 0 

camphor 9,Ut 

oannabine ISO 

cantharidine 118 

carbon H 

bisulphide 0,71 

monoxide SL 

chloral,  alcholate ISO 

amylio ISO 

ethyUo m 

hydrate U7,12l 

methylio 11» 

propylio 120 

chlorine 46^61, 81. 81 

chloroform TBt«,U7,ll» 

ohlorozone  (for  bleaching) 88 

dncb  ona 117 

oodeine lit 

cod-liver  oil 148 

oonioine,  bromo-hydrate 118 

c<^per,  chloride 81 

oxalate 0 

cork Ul 

oubebs,  preparations  of 117 

curare Ul 

cnrarine 118 

(^anides 60^82,78^87 

dambonite 118 

daturine :..  U8;UI 

digitaUne lH^Uf 

disinfectants 88 

elaterine 119 

''elegontphaimaey** 114,11^10 

erythrit 88^118 

erythrophl6ine ." 125 

teerine Ill 

ether 7I^W,UT 

eucalyptus,  preparations  of 117 

extracts 117 

fSartilixere 21^81 

flower  flayors,  perfhmes,  etc US 

formates IB 

fhiit  extracts 117,121 

gaUlnm B 
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^RANCB— ConUiiiMd. 

Chsmistrt  axd  Phabkact— 

Itrodncts,  by-prodaoto,  nurterlilii 

glaooae 118 

glycerine 121 

gold,  ohlmide 86 

gaamniiie 190 

hematoeine 118 

herapathite 190 

honey 118 

hope 118,118 

hyoeoiamine  110 

igasnrine 120 

indigoUne 1 88,118 

iodine 29,88,121 

fromsea^weed 29,68,58,81,82,88 

iron,  hippnrate 64 

UicheVB  CM  hrnnoHque") 121 

oxide    62,86 

percUoride , 64 

phoephatee 121 

Querenne'e 121 

sulphate 58 

sulphide 62 

Jalap 120 

"jarel  water  "(for  Ueaohing) 81 

kamaline 119 

kelp. 82,88 

lactates 121 

lead,salts  80 

leucine 118 

lime 52,62 

bisulphite 26 

caustic 29 

chloride 81,84 

limestone 84 

lye 80 

madder 80,110,118 

magnesia,  sulphate 84 

magnesium,  calcined ■ 79 

oxalate 68 

regenerated 84 

snlphate 80 

manganese,  bomte — 88 

oxide 79^80 

peroxide 52 

mannite. 118 

meconnine 119 

menispermine 119 

mineral  waters 114 

morphine,  salts 119 

narceine 118 

nickel,  snlphate 87 

oil,  cod-liver 148 

essential 118,116 

of  orris 116 

peppermint  .•••••......... 116 

loses 116 

olive 79^118 

osokerit 72 

palladium,  chloride 86 

paraootine 119 

paraffine 72,116 

peppermint^  oil  of 116 

pepsin 120,121,122 
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FBANCE— Continood. 

Cbkiubtbt  axd  Puabmact— 

prodoots,  by-prodnoU,  materlBli 

peptones ia,m 

perfumery 115^  Ul 

phenol 117 

photosro  pber's  matialftU 8S,  111 

phtluUio  anhydride liB,m 

pill* m.uo 

pilocarphio lid;  120 

platinum  («ee,  olfo,  Metal>worlsing,  b^Uno) — 

chloride « 

cjauido M^IU 

potaah 8^0 

from  beet-root  sagar  waste 10 

sea-weed 21>,i8 

canstio 63,71 

sulpho-oaxbonate 9 


ohlorate M 

bichromate 71 

permanganate 85^13 

snlphote 0 

potassiam— 

bromide 81,82.9 

carbonate — ^ 31,9 

ohlorate 81,81 

chloride 29,30,81,83>83;8S»8« 

cyanide 75^87 

fentMsyanide 81 

iodide 81,88 

nitrate 81 

oxalate i 61 

pmssiate 61,87 

salU 28,33,78,8^8* 

from  solnt  of  wool 39^81 

■olphate 02;  78, 8^  81 

■olpbide 81 

sulpho-oyanide 81 

powders U" 

pyrites 9128,80,81,84 

quinine 117, 1» 

resin 118 

boanivfa,or  thapsia 125^188 

scammony 116^130 

roses,  oil  of 1 116 

mbidiom 81 

saffron 118 

Halt 28, 78;  78, 86, 81 

ammonium 30 

atrophine 118 

barium 80 

bromine 82 

calcium 61 

cinchona 117 

daturine 118 

eserine Ill 

glauber 30 

iodhie 8t 

load 80 

morphine 110 

Quinine 117 

soda 80^81 

StossfuTth 30 

thallium     86 


INDEX.  541 


BAlil^CB— Continued 

CHBlOaTBT  AXD  PRABMACT— 

inroduou,  by-products,  material! 
salt- 
tin  8T 

trimethylamine SO 

nmninm 86 

oaltpetoT   , 23 

scsmmony IK^UO 

selenium 81 

silicon IM 

silver,  nitrate 88 

soda       32,44-51,77,78,79,80,81,84,87 

carbonate 46,88 

caustic 46,61,63,80 

crystals 46,80 

salts 80,81 

aodium  60,84 

bisulphate 22,24 

chloride •-  80,82,88 

hydrosulphlte 25,26 

nitrate   28,46 

nitro-prusside 121 

silicate 61 

sulphate 24,80,83,61,80,81,84 

anhydrous 29,81,70 

sponges 118 

strychnine 120 

sulphur 22,51,78,80 

chloride 70 

regenerated i 80, 84 

preparations  for  destroying  phylloxera 70 

sulphuric  anhydride 24, 25, 61 

superphosphates    57, 79,  SO,  81, 86 

tan*bark 113 

tannin 86,117,119 

tartaremetic 119 

thallium  salU 86 

thao 127,145 

thapsia  resin  125,126 

thebaine 119 

thenardide .' 29 

tin,  salts  of 87 

toilet  articles        109,114,115,116 

triphenylmethan 86 

tyrosine 118 

uranium  salts 86 

urea 86 

vanilla,  artiflcial 69 

vanillin 120 

varech 81,82 

vaseline 116 

woad 118 

wax,  bees' 118 

sine 20,58,86 

sulphate 68,87 

exports— 

perftmiery    116 

to  Belgium 116 

•  Brarfl 116 

Qermany 116 

Great  Britain 116 

South  America 110 

United  States  110 

pharmaceutical  preparations 113. 114 


A 
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Chkmistbt  and  Pharmact— 
exports- 
quinine  .' 117 

■pongee US 

snlphiiric  add- 
to  Italy    98 

anlphorio  acid  oonoentrating  apparatns 20 

to  United  Statee SO 

tan-bark lit 

tannin— 

toRosaia ill 

importa— 

borate  of  lime— 

from  Turkey  B 

bromine 8 

ood-llTer  oil— 

fix>m  Newfoundland Itf 

Norway 148 

cinohona  bark— 

ftom  Pern Wl 

cork IB 

hops V- U* 

manganese— 

from  Spain 00 

ozokerit— 

flpom  Austria W 

pharmaoeutioal  ingredients U4 

pyTite»~ 

from  Belgium    • 

Spain W 

salt— 

from  Spain •• 

soda— 

fit>m  Great  Britain 77,81 

sponges lU 

sulphur W 

from  Sicily T9 

Spain •• 

fbom  United  States  excluded  by  protective  legislation 8 

Clocks  and  Watches— 
docks — 

trayding *W 

divided  deoimaU> 408 

fortowers,  churches,  etc 888 

monthly 488 

yearly 488 

running  fifty  years 488 

a  thousand  years 488 

propelled  by  water 488 

electridty 488 

moving  orreries 488 

watches- 
collective  exhibit 405^408^487 

not  generally  excellent 487 

not  made  by  machinery  (Me,  al9o,  Machinery,  bdow) 407,412 

system  of  piecemeal  hand-manufacture 488 

trade  in,  ii\)ured  by  American  competition 418 

FmBBBIKS— 

on  coast  of  France   148 

Newfoundland 148 

imports  of  cod-liver  oil  ftt>m  Norway 141 

FOBB8TBT— 

msaufiustures  and  uses — 

corks in 

oxalic  acid  from  pine  «awdua\ 81 
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* 

products— 

cork 118 

ten-bark 118 

moobinery — 

oork-cattisg 118 


material*— 

amxDonia  soda 46 

preparationa  for  etching ^ M 

sodasilicate 51 

Hachihkbt  (incladiDg  tools,  implements,  appliances,  processes) — 

exhibit 891 

chemical — 

ammonia  apparatus 45 

coke  towers  82 

crystallizing  roserroirs 89 

cyanides  apparatus 81, 84 

evaporating  pans 89 

hydrochloric  acid,  condensation  by  WouifTs  bottles 87 

ice-making  (by  sulpharons  anhydride) 25 

labor-saving  processes  slowly  introdnced 78 

pharmaceutical  apparatus 114, 117, 120 

potash,  extracting  from  kelp 29, 56 

soda 78,80 

stills  for  extracting  essential  oils 110 

solphnrworks   78 

sulphuric  acid— 

pyrites-burners 10,11,12,14 

Gay-Lu8sao*s  t4>wer , .16,18,19 

Glover's  tower   17, 18, 78 

concentrating  apparatus  19,22,86 

export  to  United  States 20 

platinum  stills 20 

snperphospliate  apparatus 57 

engines— 

Woolf  vertical,  compound,  variable  cut-off  steam-engine:  T.  &  T.  Powell,  Rouen, 

exhibited 371,372 

illustration  of   372* 

horizontal,  compound,  condensing  steam-engine:  J.  Hermann-Lachapello,  Paris,  ex- 
hibited   878-880 

illustration  of 87»* 

vertical,  compound,  brotherhood  steam-engine:  6.  Fland  tc  A..Cohendot,  Paris,  exhib- 
ited   880,881 

illustration  of 881* 

Otto's  silent  gas-engine:  Compagnie  Parisienne  de  Chaufbge  et  d'£olairage  par  le 

Gas,  Paris,  exhibited 884, 886 

Bisschofs  vertical  gas-engine:  Hignon  A,  Bouart,  Paris,  exhibited 385 

apparatus  for  the  instantaneous  generation  of  steam  by  liquid  fuel :  C.  J.  Dusaulx, 

Paris,  exhibited 385.387 

illustration  of 386* 

locomotives  (set  Railway  Apparatus). 

ilrat  steam-engine  used  (1732),  Anzin  coal  mines 176,177 

number  employed  in  mines 181,182 

rotary  pumping  engines,  in  mines 187 

hydraulio  enginea  in  rook-salt  works 181 

ftmstry— 

cork-cutting  machinery 113 

shown  at  Exposition 113 

machine-tools— 

exhibit 394 

gear-cutters  895,896 

planers , 894,896 

new  method  of  lubricating 395 
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FRANCE  — Ckmtiniied. 
Machinbrt— 

maobine-tooU— 
plainen — 

iiiiintelli;;eBt  imitation  of  American  pattern 805 

qnick-retum  motions  on  shaping  machines Ml 

small  tools,  drills,  ptmobes,  shears,  etc 8N 

metal'Working— 
iron— 

charcool-hoarths  of  the  ancient  Ganls ITS 

platinum — 

ftimaoo  Trith  compoond  oxyhydrogen  blowitipes  for  making  alloys  of,  wttii 

iridiom,  etc 0 

model  of^  exhibited  by  the  Commission  du  MAtre 61 

silver — 

Luce  A  Boean  process  of  concentrating 1S7 

mining- 
hoisting  arrangements — 

Cousin's  safety  apparatos : 188,  185,181 

prov  ision  against  OFi'rwinding 186 

steel  cables  reidaclng  iron W 

wooden  and  iron  guides  replacing  ropes 187 

ore-dressing,  improvements  in 187 

coal- washing,  improvements  in IK 

coking  furnaces ^ 183 

paper-working  392,3M 

engine-tub 88S 

Fonrdrinier  machine 392 

printing  presses 392,30 

type-composing  and  distributing  machines 388 

numbering  machines,  for  notes,  tickets,  eto tH 

watch-making — 

littleused. 407,411 

used  unsuccessfully 412 

imported  or  imitated  from  United  States , 407,408 

disbeUef  in 410,412 

Mining  Industries— 

report  on 174-181 

origin  and  progress — 

works  of  the  Gauls 17il75 

under  Roman  occapation 174 

of  theSamcens 174 

in  the  Middle  Ages 17il7l 

under  Louis  XVI 174 

modem  advances — 

introduction  of  powder 174 

applhinces 174 

corps  of  mining  eneiiieers  (1781) 174 

school  of  mines  (1783).. 174 

mining  laws  (1810) 174 

copied  in  Greece 537 

conditions  of  the  industry — 

mining  enterprises 175 

for  coal 176,178,177,181 

iron 175^181 

equipment^  apparatus,  appUanoes— 

engines 178,181,182 

hydraulic 181 

steam 178, 181, 18! 

transportation  apparatus,  coal  and  ores ' 183 

hoisting  apparatus 183,187 

safety 188, 185^  188^  181 

explosives 181,  IK 

dynamite,  giant  powder 184. 18S 

nitro-glyoerine 181, 185 
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MnflKO  I>'DUBTHIE8— 

oanditions  of  the  indoBtry— 

equipment^  apparatus,  appliances — 
exploaivea — 

saltpeter  powder 184 

dynamite-gam 185 

safety  lamps 187 

electric  lighting  of  mines 187 

steel  replacing  iron  and  wood 187 

ore-dressing 187 

coal-washing 187 

works  conducted  abroad — 

lead  mines  in  Greece 337, 338 

models  of  mines 182, 183, 187-189 

in  glass 188,180 

plaster 188 

wire 187,188 

method  of  oonstmctioii 187, 188 

inoduction  and  consumption— 

agate 179 

alum 175 

aluminium 184 

antimony 175,178,179 

barytes 175 

banzite 178 

bitumen 178,181 

brass 184 

building  stone 175,179 

day 175,179 

coal 171,175,177,180,181,182.183 

amount  used  in  mines 177 

railways 177 

smelting  works 177 

steamers,  ocean 177 

river i 177 

anthracite 175,177,178 

Ugnite 175,177,178 

artificial  fuel 182,183,187 

cobalt 175,178 

coke 183 

copper 175,178,179,184 

pyrites 9,178,180 

galena 180 

gold 179,184 

graphite 178,179 

iron 176,180,182,183 

ore 172,175,178 

bar 172,183 

pig 172,183 

pyrites 178,179,180 

Jasper '- 179 

lead 172,175,178,179,184,213 

litharge 184 

manganese 175,178,179,180 

marble 175,179 

mercury 175 

nickel 175,178,184 

ocher 175 

peat 178,180,181 

phosphates 175,179 

platinum 179 

salt,  rock 175,178,181 

silver 178,179,184,209  noU 

slate 179 

steel 172,178,183 
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MnriKO  INDU8TUIE8— 

prodaotion  and  consamptioxk— 

sulphnr 175,178,179,181 

talc 175 

tin 175,178,178,212 

zinc 178,175^178,179,184,287 

exx>ort8 — 

antimony 179 

coal 177 

to  Algeria 189 

Italy 177 

Roasia 261 

copper 179 

to  Great  Britain 222 

KoBsia 281 

graphite 179 

iron — 

to  Belgiom 281 

Kassia Ml 

iron  pyrites 179 

lead 179 

to  Great  Britain 223 

man^i^aneae 179 

salt- 
to  Kassia 281 

sUver 179 

steel — 

to  Russia 261 

sulphur 179 

tin- 
to  Great  Britain  212 

zinc 179 

to  Great  Britain 234 

imports-^- 

antimony  ... 175,179 

coal 177 

from  Belgium 177 

Germany 177 

Great  Britain 177,214,215,225 

cobalt 175 

copper 179 

firom  Algeria 175 

Bolivia 175 

ChiU , 175 

Groat  Britain 175,222 

Italy 175 

United  States 175 

gold 175,179 

graphite 179 

Iron *... 178 

from  Algeria 176,169 

Belgium 176,281 

Italy 176,309 

Spain 176 

iron  pyrites 179 

lead 179 

from  Algeria 175 

Bclgiam  175 

Great  Britain 175, 22S 

Sardinia 175 

Spain ^ 175 

manganese 175, 179 

mercury 175 

nickel 191 

from  Now  Caledonia 175,191 
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KniEfO  IXDUBTUKB— 

imports— 

plathmm 179 

silver 175,179 

Bolphnr 179 

tin 175,179 

from  Great  lUitain 221 

rino 179 

from  Great  Britain 224 

operatiTea— 

number  employed p 180 

in  mines  and  quarries 174, 180, 181 

bitumen 181 

coal 181,182 

iron 181 

peat 181 

aalt 181 

snlphnr 181 

m  m  etaUnrgical  establishments 180 

wages 180,182 

to  miners  of  coal 180, 182 

iron 180 

peat , 180,182 

work  performed 174, 180 

by  miners  of  coal 180, 182 

iron 180 

peat 180 

provision  for  the  welfare  of— 

by  the  Compagnie  des  Mines  d'Anzin 183 

Schneider  &,  Co.,  Crenzot 105 

danger  from  mining  accidents 186 

explosions 184, 186 

guarded  against  by  safety  apparatus 185, 186, 187 

friel- 

production  and  general  use— 

artificial  (briquettes) 182,183,187 

coal 171.175,170,177,178,180,181,182 

Ugnite 177,178 

coke 183 

peat 17d,180,181 

use  in  metnllurgical  industry — 

charcoal 175,176 

coke 176,183 

prices— 

coal 177 

lignite 177 

MvrAL-woRKivQ  (fM,  olso,  Machinery:  metal- working)— 
aluminium — 

exhibits 85 

manufactures 84, 85 

prices 85 

sulphate,  produced  ftom  slag  of  iron  furnaces 58 

iron — 

replacing  ropes,  for  hoisting  in  mines 187 

wood  in  cross-ties  for  railways 424 

fttunes  for  railway  cars 425,446 

railway  axles 428 

platinum — 

apparatus  for  concentrating  sulphuric  acid 19, 20, 21, 86, 87 

exhibits 87 

metals  associated  with — 

iridium 87 

osmium 87 

palladium 87 

ruthenium 87 
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Mbtal-wobkino— 
steel — 

replacing  iron  — 176 

in  hoisting:  cables  in  mines  W 

railway  material 420,494 

Pafbb-makikg — 
materials — 

aluminium,  snlphate,  instead  of  alum   57 

zinc,  sulphate,  for  sizing 58 

Railwats  (including  apparatus,  material,  fixtures,  etc.) — 

exhibit 419,423.430,431,445,457-459 

information  withheld  concerning         431 

showed  prevailing  European  method  of  construction 423 

systeraof. 423-^ 

originated  in  1840 .  423 

left  to  private  enterjirise  by  law  of  1842 423 

classification — 

aneien  rinau  (old  network,  trunk  lines) 423 

receipts  per  mile 424 

nouveau  ri»€au  (new  network,  feeders  to  tmnk  lines) 423 

aided  by  governmental  subvention 423,424 

receipts  per  mile 424 

gage  (M0,  aiso,  tramways,  htlow) — 

controversy  concerning    449,450 

standard  (4' 8|"  and  4' 9")  449 

suitable  for  trunk  lines 454 

narrow  (1  meter  =  39.371") 450,454 

suitable  for  local  traffic 454 

cost  per  mile 454 

extent  of 424 

gross  recei  p  ts 424 

receipts  per  mile 424 

operatives — 

number  employed 427 

per  mile 427 

duties  of 427 

speed  of  trains 427 

coal  consumed  on 177 

increase  of  government  revenues  from  the  building  of 4K 

saving  in  transportation 421 

development  of  mining  industry  in  the  Pyrenees  by  railroad  extension Itt 

locomotives  («««,  aUo^  tramways,  htloto) — 

number  of 424 

improvements 425 

increased  weight  and  power .  425 

steel  parts  replacing  iron 425 

utilizing  waste  steam 425 

fire-grates,  boxes,  etc.,  to  economize  fuel 425 

exhibits '. 430.431-437 

locomotive  and  tender:  "Western  Railway  Company 432*,433 

express  locomotive  and  tender:  Soc{6t6  de  Construction  des  BatignoUes,  Paris .  .433, 434* 

locomotive  and  tender:  Schneider  &  Co,  Creuzot 434,^ 

locomotives :  Paris,  Lyons,  and  Mediterranean  Railway  Comi>any 435^  436*.  437 

rolling  stock  (tee,  cUto,  tramways,  below) — 

condition  of 424 

passenger  cars 445-447 

numberof 434 

improved  construction   425 

iron  framing  replacing  wood 4^44$ 

sleeping  cars 425 

first-class  passenger  coach.  Western  Railway  Company,  exhibited 445»  446*,  447 

snlon  cars  exhibited  - 447 

inefficient  system  of  wanning    . .   4S 

Westinghouse  air-brake  used 448,417 
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rolling  stock — 
freight  cars- 
number  of 424 

iron  framing  replacing  wood 425 

fixtoiea,  permanent  way — 

conditionof  ..   424 

improrements 424, 425, 426 

steel  rails  replacing  iron 420,424 

ose  of  fish-bars 424,426,457 

cross-ties  treated  against  decay 224, 425 

metallic 424 

signaling  systems 424 

operated  by  telegraph    424 

ballasting  roatl-bed 424 

spikes,  screwed,  not  driven  426 

axles,  testa  of  426 

tramways,  street  railways,  narrow-gage  roads,  etc. — 

Decaaville's  portable  tramway  for  mines,  agricultural  and  forest  use,  etc 457-459 

rail  used  on 457* 

Joint  of  sections 457* 

tramway  and  cars  for  mines  and  quarries 458* 

car  for  mines 459* 

tramway  in  operation  on  sugar  plantation 460* 

ftreet-railways 459-466 

cars— 

of  American  design 459 

management  of 459, 460 

wheels  without  flanges  on  one  side 461 

exhibiU 461-466 

drawn  by  compressed-air  motors 462*,  463*,  464*,  465* 

motors,  locomotives — 

M6karski's  compressed-air  tramway  motor 461, 462* 

attache<l  to  car 463* 

drawing  ordinary  street'Car 164* 

Lamm  &  Fraucq's  compressed-air  motor 462, 463, 465*.  466 

mining  railways— 

DecauTille's  tramway  and  cars 457, 458*,  459* 

cars  transported  by  tail-iope  and  endless  chain  at  Anzin  mines 183 

M^karski's  compressed-air  locomotives 461 

Tbj^TILB  Fabbicb— 
woolen — 

bleaching  by  sodium  hydrosulphite  solution 26 

dyeing  by  sodium  hydi-osnlphite  solution 26 

bleaching  preparations,  **  Jarel  water" 81 

chlorine,  bleaching  powders 52 

dyeing  Turkey  red  by  sulphate  of  aluminium 58 

COLONIBS- 

ALGERIA  (aee,  dUo^  AIn-Morkha,  Gonrayas,  Qned-Messelmoun, 

AIn-Safra,  Uammam,  Soumah, 

Beni-Saf,  Eof-Oum-Theboul,  Zaccar>— 

Djebel  Haronaria,         Kharizar, 

pavilion  at  the  Exposition 113, 125 

sponges 126 

Chkmibtby  and  Pharmacy— 

crude  drugs  exhibited 123, 125 

colocy  nth 125 

ergot  du  diss 125 

encalyptio  acid 126 

eucalyptol 126 

lecanora  csculenta  (said  to  bo  the  manna  of  the  Bible) 120 

pellitory 125 

resin,  bounafa  or  tbapsia 125, 126 

squill 125 

thapsia  silphiom 125 
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COLONIES- 
ALGERIA— 
F0BB8TBT— 

cork  manufacture 113,126 

eucalyptus 125 

uses  of 126 

anti-malarial  influence 1S4 

bark  for  tanning 126 

MiNINO  LVDUBTBIES— 

reporfon 19,190 

condition  of  the  industriee 189^190 

number  of  mines  in  dejuurtment  of  Algier»— 

copper 189 

iron 189 

department  of  Constantino — 

calamine 287 

iron 189 

lead 188 

department  of  Oran— 

iron 189 

steam-engines 189 

operatives 189 

exports — 
calamine— 

to  Belgium 288 

copper 190 

to  France 175,189 

iron 190 

to  France 178,189 

Belgium 188^281 

Great  Britain 189 

United  States 185 

lead  190 

to  France 175,189 

imports — 
coal— 

from  Great  Britain 189 

France 188 

COCHIN  CHINA— 

Chxmibtbt  akd  Phabmxct- 

drugs  127 

tbao  (gelose,  from  sea- weed) 127,145 

yields  dressing  for  silk  and  other  fftbrios 127,145 

method  of  use 127 

GABOON— 

CHBJnSTBT  AXD  PHABMACT— 

erytbrophl^ine 1^ 

6seriue : 134 

inline 124 

poisonous  vegetables — 

atchim6 134 

erythrophleum  guinscnse  (man^Ane  or  bonrane) 124 

properties  as  a  poison 125 

ici^a  (bondon  or  m'bondon) 124 

proi>erties  of ,., 125 

ilango 124 

oknnyago 124 

ourende 124 

physostigma 124 

strophantus  hispidus  (inteoronaye) IS 

properties  of. 124,  ^ 

sassy  bark 125 

strophontine V9,1M 
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COLONIES- 

OUADELOUPE— 

AOBICULTURK— 

sngar 124 

ChSMISTBY  AMD  PUABMACY— 

vanilla 124,141 

F0RB8TBY— 

Campeachy  dye-wood 124 

GUIANA— 

CHUCISTRT  AMD  PHARMACY— 

copaiba 123 

coraripoiaon 123 

lime  (fruit),  citrate  of 123 

m edicinal  plants 123 

oil  of  boa-constrictoT 123 

pareira  brava 123 

quassia  amara  123 

simamba 123 

tonqua  beans 123 

vanilla  pompona 123 

Mixing — 

gold 190 

MAETnaQUE— 

Chemistry  akd  Pharmacy— 

cassia  occidentaUs  (substitute  for  coffee) 123 

cinchona  barks 123 

mineral  waters 123 

vegetable  drugs 123 

INDIA— 

PONDICHEBRT— 

Chemistry  akd  Pharmacy— 

coloring  materials 127 

gums 127 

isinglass 127 

oil 127 

perfomes 127 

resins 127 

tanning  materials 127 

NEW  CALEDONIA— 

MiNIKO  INDU8TRIS8— 

geological  formation  of  the  island 190, 191 

products — 

chromium * 127, 190 

coal 191 

cobalt 127 

copper   .• 147,190 

gold 190,191 

iron  127,190 

manganese 127 

nickel 127,175,100-193 

gamierite 191 

method  of  extraction 191-193 

ferro-nickol 192,193 

properties  of 192 

in  German  silver 192 

alloys  with  iron 193 

pyrites 191 

exports — 
nickel— 

to  France 176,191  noU 

OCEANICA— 
TAHITI— 

CHXMISTBY  AKD  PHARMACY— 

arrow-root 127 

piper  methystlcum  (yielding  alcohol) 127 
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COLONIES- 
OCEANIC  A— 
TAHITI— 

ClIBMlBTBT  AND  PHABHACT— 

sandal-wood 121 

tonqna  beans 127 

Tanilla 1!7 

EEUNION  (formerly  Bonrbon  Island)— 
Chehistut  and  Phabmact— 

angrsecom  Aragrans  (flavoring  plant) 12S 

Tanilla 136,141 

method  of  cnltivatiun 128, 127 

plants  brought  from  Mexico  126 

SAINT  PIERRE  AND  MIQUELON— 
CBsmfiTar  and  Puaemacy— 

abies  canad.  (used  in  beer  and  in  tonio  baths) l:3( 

coptislrif 134 

crude  drugs 124 

gaultheria  procumbens 131 

sarracenia  (remedy  for  smaU-pox) 134 

SENEGAL— 

Chsmistbt  and  Phabmacy— ' 

caoutchouc  HA 

gronnd-nuta  (arachides) 124 

gum  Senegal 134 

vettiver 134 

Francq,  L6on,  director  of  the  Compagnie  Continentale  d'Exploitation  des  Locomotives  sans 

Foyers  (Paris,  Franco),  improver  of  fireless  locomotive  invented  by  Dr.  E.  Lamm 462-461 

illustration  of  locomotive  and  car 4& 

Franz  (W.)  &  Co.  (Vienna,  Austria),  general  drugs  and  chemioala IW 

Eraser,  Alexander  (Edinburgh,  Scotland),  printer,  inventor  of  type-oompoaing  and  distributing 

machines 393 

Frazer,  alkaloid  extracted  from  bark  of  the  i«vja 1^ 

Frazer  Lubricator  Company  (New  York  City),  axle-grease 15* 

Fredens-Molle  (Island  of  Amack,  Denmark),  sulphuric  acid,  saperphosphates 77 

Fredriksstad  (Norway)— 
chemical  industiy — 

oxalic  acid  from  sawdust 95 

Freeland,  Robert  (South  Boston,  Maas.),  soaps 160 

Free  trade  (see  Protective  legislation). 
Freiberg  (Saxony,  Germany)— 
chemical  industry — 

sulphuric  acid « 24 

mining  industry — 

concentrating  silver  ores XH 

French  Guiana  (see  France :  colonies). 
Fresnes  (France) — 
mining — 

coal  discovered  at  (1720) 176 

Fround,  Louis  (LaPlaine,  Switzerland),  coloring  matters IX 

Fnedman,  injector  for  locomotive  boilers 441 

Fritzscho  Bros.  (Now  York  City),  essential  oil  of  peppennint 159 

Froidvent  (Franco) — 
chemical  industry- 
acetates  86 

acetic  acid 86 

Fuel- 
expedients  to  economize  18,23,261,35 

A  ustria-Hungary 43S 

Dcl;;lum 2S 

lYanco 20,425 

Gfrmany 49 

Great  Britahi 82, 85^  87, »,  90, »»,  211 

Sweden 26* 


INDEX.  553 

uiifloial,  briqnettM— 

mamifiActiire  and  coosnmption— 

France 152,183,187 

coal — 

in  ceramics*  glaas-making,  etc.— 

Great  Britain 210,211 

in  chemical  indostrj x 46 

Belgium 76 

France 22,47.78.80,82,84 

Great  Britain ? 35,88,210,211 

Italy,  wanting  in 92,94 

Norway,  wanting  in 94 

Roaaia,  inacceaaible 96 

Spain 96 

Switzerland,  wanting  in 97 

in  fftctoriea  and  general  manufactures — 

Great  Britain 210,211 

Spain 315 

in  gas  works 49, 50 

Australia 244 

Great  Britain 210,211 

Spain 315 

United  States 215 

in  household  and  general  use— 

Austria-Hungary 294,295 

Great  Britain  .  ^ 210,211 

in  mining  and  metallurgy — 

Austria>Hungary 294 

Belgium 282,291 

France 177 

Great  Britain 210,211 

Greece 337,339 

Portugal 328 

Russia 250note,  260 

Spain 315 

Sweden  (inadequate;  supplied  by  importation) 263 

on  railways — 

Austrla-Hungary 295,437-440 

France 177,425 

GreatBritain 210,211 

Spain 315 

in  steam  navigation — 

Austria-Hungary 295 

France 177 

GreatBritain 210,211 

Spain 315 

in  water  works- 
Great  Britain 210,211 

production  and  consumption — 

Australia 228,229,241-244.245 

Austria-Hungary 171,261,294-290 

Belgium 171,177,261,272,273-279,286 

Borneo,  Dutch  East  Indies 344 

France 171, 175, 177. 180, 181, 182,  IftJ 

Germany — 

Prussia 171 

GreatBritain 171,197,200,201,210,211,214,215.216,217,218,220,225 

Greece 337,339 

Italy 117,225,307,308 

Portugal 320,328 

Russia 171,225,247,258,260,261 

Spain   171,225,313,314,316 

Sweden 171,263 

United  States ; 171 
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Pip. 
Fad- 
charcoal — 

in  mioing  and  metallurgy— 

Banca,  Datch  East  Indies 842 

France — 178, 1T8 

Italy 20^m 

Russia 296iMlr 

coke— 

production  and  consumption — 

Austria-Hungary 438 

Franco  188 

in  chemical  industry 48 

France : 47 

Groat  Britain 83 

in  mining  and  metallurgy — 

AnstrlA-Hungary J94 

I>cl;riiim >88 

Franco  17«,18i 

Greece W 

Spain 81S 

Sweden 2B 

gas— 

for  driving  steam-engines 884,  M5 

rate  of  consumption 885 

peat — 

production  and  consumption — 

Belgium 275 

Franco 178,180,1ft 

Italy... 887 

Netherlands  .  840 

Sweden ^63,284 

United  States 284 

petroleum,  naphtha,  etc. — 

famish  power  in  Dusaulz's  apparatus  for  the  instantaneous  generation  of  steAm 382^-387 

illustration  of  apparatus 388* 

consumption  i>er  horse-power 388, 387 

wood — 

on  railways — 

Hungary 411 

Fuenfkirchen  (Hungary)— 

coal  deposits  —     94 

Fumagalli,  G.  B.  (Monfalcone,  Austria),  pharmaoeutioal  specialties,  anatherine,  ood-liTer  oH,  etc        188 
Furnaces  (tee  Machinery). 

Gabbro  (greenstone),  definition  o^ 267  ii«li 

Gaboon  {see  France:  colonies). 

Galena  {see  Mining). 

Gallois,  Dr.  (Paris,  Franco) — 

investigation  of  poisonous  properties  of  erythrophI6ine  from  sassy  bark  of  TVest  Africa. . .        135 

bark  of  the  io^fa 135 

Galloway,  process  of  extracting  iodine  from  kelp 58 

Gantillon  (Lyons,  France),  use  of  thao  as  dressing  for  textile  ftibrics 127 

Gamierite  (see  Mining). 

Gamier,  Jules,  discoverer  of  gamierite  (nickel  ore) 181 

paper  on  the  nickel  industry  in  New  Caledonia,  cited 191 

experiments  in  nickel-working 1»1, 192, 193 

Gartemberg,  Lauterbach,  &  Goldhxunmer  (Drohobycz,  Galicia,  Austria),  "ApoUofat,"  vaseline, 
from  petroleum 181 

Gas  (see  Fuel). 

Gas-engines  (see,  also,  Machinery) — 

Report  on  Stiloi  axd  Gas  ENOHCEb,  by  Aja)BEW  J.  Swsemet  (indeed  under  Machinery).  363-387 

Gas  works,  cool  consumed  in 491,58 

aoda  to  be  obtained  from ^50 
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Page. 
Gftteoheftd-upon-Tyne  (Bngland) — 

ndlwa J  apparatus  manufiustored — 

aaddle-tank  locomotive,  narrow  g&ge 450*,  451 

Ganla  (ancient) — 

early  metallurgical  indnstry 174, 175 

Gaotier  &  Maireaae  (Pien*o-B6nite,  France),  soda,  potaah,  chloroform,  ether,  etc 70 

Gaya  (Moravia,  Aastria) — 

chemical  industry — 

essential  oils 109, 110 

anise 109 

oarraway 109 

fennel 109 

froit  essences 109 

Gay-Lnssac,  Joseph  Loois  (France),  chemist,  inventor  of  sulphuric  acid  tower 10, 17, 18, 19, 2G 

Gearing  (tee  Machinery:  transmission  of  power). 

Geigy,  J.  R.  (Basle,  Switzerland),  chemical  coloring  matters 156 

Gelis,  process  of  producing  cyanides 61 

General  Omnibus  Company  (Paris,  France),  style  of  street-railway  cars  used  by 459-461 

General  Sulphur  Company  (Brescia,  Italy),  solphnr 93 

Geneva  (Switzerland) — 

manufactures — 

watches 407 

National  Observatory — 

observations  on  watches 412 

Genna-Arenas  (Sardinia,  Italy) — 

mining  indnstry— 

Bine 809 

calamine * 810 

Genevilliers  (France)— 

chemical  indnstry — 

alum 67 

alumina,  sulphate 87 

Genoa  (Italy)— 

chemical  industry — 

mannite 142 

quinine^  salts 142 

mining  industry— 

lead-refining  works 307 

Georgia  («^  United  States). 

Gerher  (A.)  &.  Uhlman  (La  Plaine,  Switzerland),  chemical  coloring  matters 156 

Gerlach,  G.  T.  (Kalk,  Westphalia,  Germany)— 

m/6thod  of  producing  ammonia  salts  ficom  gas- water 49 

^  sodium,  sulphate  and  nitrate 46 

GERMANY  {tee,  aleo,  Aixla-Chapelle,  Dresden,  Oberhausen, 

'  Baden,  Freiberg,  Schaike, 

''  Bensberg,  Grevenberg,  Stassfurtb, 

/  Berlin,  Ealk,  Uekerath, 

/  Black  Forest,  Mayen,  Wiesloch)— 

'  Borbeck,  Noxdhansen, 

f         AOBICULTUBK— 

beet-root  sugar^ 

potash  derived  from  the  residues 30 

Juice  decolorized  by  almnininnit  hydrate 58 

Crbamics- 

chemical  apparatus — 

fire-clay  tubes  in  fuming  sulphuric  add  mannflhotare 24 

Chbhibtbt  axd  Phabmact— 

condition  of  the  industry 73 

manufacture*— 

alizarine 100,104 

aluminium,  hydrate,  for  decolorizing  beet-root  sugar — 58 

benzoic  acid 04 

chlorine 53,54 

cyanides 60 

nitrate  of  potaah  (saltpeter) 28 
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6ERMANY--Contiziaed. 

Chemibtbt  a:(d  Phaiucact— 
man  ufac  tures — 

potaflh  from  beet-root  sugar  reftiae SO 

potassitim  salts 2S42 

soda 32.83,77,89 

ammonia  process M,48 

ammonia  salts 4» 

sulphuric  acid ft-fl 

residues  from 13-15 

copper 13 

iron  oxide  (for  pigments) 15 

Aiming  (Nordliausen) 2S-25 

vanilla,  artificial ®.170 

machinery,  apparatus,  processes — 

fhmaoes  for  burning  pyrites 1*-13 

sulphunc  acid  towers 1" 

distilling  faming  (Nordhausen)  sulphuric  acid  23-25 

producing  crude  soda 39 

precipitating  bicarbonate  of  soda ^ 

ftiel  in  manufacture,  expedients  to  economize 49 

operatives — 

vrork  performed 47 

expedients  to  economize  labor 48 

products,  by-products,  materials- 
acetic  anhydride 71 

adds — 

arsenic : .  >^ IW 

benzoic Tw  - W 

sulpholeic .x- IW 

sulpho-rioinic _^ IM 

snlphuiic ."   N^.-.- .9,24,25.1« 

fuming  (Nordhausen) \. 22;24 

vanillic /y 70 

alcohol  y«. 3J 

coniferyl N^. 70,71 

aldehyde,  methylprotocatechuic _\ 70.71 

salicylic V  ^ 

aUzarlne *. 3IM.I* 

blue "...... ^^^^ 

alumina \  1* 

aluminium,  hydrate 

ammonia 

salU ^  ".....[[[[ 

anhydrite 

anthracene 

^"^ta 10fi_i^ 

bauxite 

benzoic  acid ^^ 

boracite 

bromine 

calcium,  chloride jq7 

camellite  3 j 

chlorine  53 

chrome 106,107 

cloves,  oil  of rj^ 

conifrin        ,. 39  70 

coniforyl  alcohol 7q  ^j 

cyanides qq 

dextrine 207 

eugeuol 71 

glanbor  salts 31 

glycerine 10«,  107. 108 

guaiacol  7j 

^^^ 100,107 

oxide 25 
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AITY— Continued. 

EMISTBT  AND  PHABMACT— 

prodacta,  by-prodncts,  matoiiftlH  - 

kainite 31 

kisserite 31 

lime 106 

acetate 107 

chloride 107 

magnesia 31 

magneaiom,  chloride 108 

methyl-protocatechuio  aldehyde 70, 71 

methyl'pyrooatechin 71 

nickel,  oxide   106 

oil  of  chamomile 109 

clovea 108 

oUve 71 

phenol 70,71 

potaah — 

from  boet-root  sugar  waste 30 

bichromate 107 

nitrate  (saltpeter) 28 

potassium,  carbonate... 31 

chloride *. 29,31 

ferrocyauide  107, 108 

salts 28,29 

from  Stossfurth  deposits 28, 29, 30-32 

suint  of  wot)l    29 

sulphate 21 

purpurine 106 

pyrites 9,13,15,19,74 

salts  (tee,  also,  Stassfnrth  deposits,  below)— 

glauber 31 

potash 28,20 

salti>eter  (nitrate  of  potash) 28 

soda 32,33,48,77,89 

phosphate 107 

stannite —   107 

Stossfurth  deposits    28,29,84 

brominm 64 

potassium  salts 28,29,30-32 

strontia 106,108 

snlpholeic  acid 106 

snlpho-ricinic  acid 106 

sulphuric  acid 9, 24, 25, 106 

fuming  (Nonlhausen) 22, 24 

anhydrides ^ 24, 25 

tachyhydrite 31 

tin 106 

Tonilla,  artificial 69 

Tsnillicacid 70 

vanillin 70 

zinc 107 

exports — 

alizarine 104 

imports — 

cod -liver  oil-- 

f rom  Norway 148 

perfumery — 

from  France 116 

soda — 

from  Great  Britain 80 

CHIXKkT— 

chemical — 

chlorine  manufacture— 

Jetzler's  apparatus 58 

Deacon  &  Hurtcr's  apparatus 53 

Hasenclover's  apparatus 54 


558  INDEX. 

GERMANY— Continned. 
Machinebt— 
chemical — 

soda  manufaotare— 

crystallizing  reservoirs 89 

ammonia  process,  Honigmaxm 48,47 

Schalke 48,47 

De  GrouBilliers 48 

Siemens 48 

regeneration  of  sulphur  from  soda  waste,  Shafiber  St.  Holbig 40* 

tnlphnric  acid  manufacture — 

pyrites-burners 10,11.12 

Glovcr'8  tower 17 

Winkler's  sulphuric  anhydride  process 24,24 

Walter's  sulphuric  anhydride  process 25 

metal- working — 
nickel- 
refining,  reverberatory  furnace 198 

MKTAIi-W0nKI50— 

brass  manufacture 290 

gold  adopted  as  monetary  standard 19T 

nickel  nuinufacture 271 

steel  manufacture 420 

MnOlfO  iNDUBTRIEft— 

coal  deposits 294,295 

trade  with  Austria 295 

dynamite,  giant  powder,  used  in  blasting 184,185 

experiments  by  Prusaiau  Government 184 

zinc — 

location  of  deposits 255 

occurrence 255 

mines : 287 

works 287 

production  and  consumption — 

calamine. 287 

coal 177,215^225,261 

copper 222,261,287 

gold 197 

iron — 

Spiegel 206 

pig 261 

wrought 261 

lead -.213,223,287,299 

nickel 271 

pyrites 328 

salt - 261 

silver 173 

steel 206,261 

tin 212,221 

zinc 20«,  224, 255. 287 

exports — 
coal — 

to  Austria 204,295 

Russia 261 

copper- 
to  Russia  261 

iron — 

to  Belgium 281 

Great  Britain 206 

Russia 261 

salt- 
to  Russia  261 

steel — 

to  Great  Britain 206 

Russia 281 
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OXBMAinr— Cantinned. 

MlHINO  IlfDUSTBIBB— 


pyxites— 

to  Great  Britain 13 

zino— 

toFranoe 175 

Great  Britain 206,214,224 


ooal — 

fromAoatria 295 

Great  Britain 215,225 

oopper— 

from  Great  Britain 222 

iron— 

from  Belgium 281 


from  Great  Britain 223 

niokel— 

fromKorway 271 

aHvep— 

frtim  Austria 301 

tin— 

from  Great  Britain 221 

Bjolwats— 

excellence  of  the  system 428 

noexhibit 423 

standard  gage 449 

Westinghouso  air-brake  naed 467 

STATES  AND  PROVINCBS— 
PBUSSIA— 

Chemical  Indubtbt— 
mannfftctnres— 

coniferin TO 

cyanides 60 

soda 48 

materials- 
pyrites  0 

HnmiO  INDUBTBDBS— 

prodnction  and  consumption — 

ooal 17l,294,2»5 

iron 172 

ore 172,281 

pig 172 

wrought 1 72 

lead 172 

steel 172 

sine 178 

exports^ 

coal  to  Austria 294,205 

•    iron  to  Belgium 281 

imports — 

iron  from  Belgium 281 

dynamite,  giant  powder,  used  in  blasting 184, 185 

experiments  with,  by  the  goyemment 184 

SAXONY— 

Chsmical  Inddbtby— 
manufactures — 

fuming  (Nordhausen)  sulphuric  acid 24 

hydrate  of  aluminium  for  decolorizing  beet-root  sugar , 58 

Mnnxo  Industbdes— 

coal,  lignite 296 

sUyer  working 301 

imi>orted  ft-om  Austria 801 
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6EBMANY— Continaed.  Pi|e. 

STATES  AND  PROVINCES- 
SILESIA— 

MiNIKQ  IXDU6TBIB8— 

production  and  conBomption — 

coal,  anthraoite SK 

zinc 175,2M 

exports — 

coal  to  Austria 3K 

zinc  to  France 175 

GreatBritain 214 

THURINGIA— 

Chemical  Industbt— 
materials — 

coniferin tt.71 

FOEESTRY— 

sap  and  bast  of  fir  trees  nsed  in  ohemioal  indnitry M 

WESTPHALIA- 
CHEMICAL  IXDUSTBT— 
manafkctarea — 

ammonia  salts tf 

soda 4(^« 

materials — 

pyrites 15 

free  fh>m  copper 15 

arsenic M 

phoflphoros 15 

available  in  Bessemer  steel  inannfl>ctare 14 

.     yield  thallium 74 

Mixns'o  Tkdustiues — 

coal 2M 

spiepcl-iron  exported  to  Great  Britain 206 

steel  exported  to  Great  Britain 208 

Gerona,  province  of  (Spain)— 
mining  industry — 

coal 314 

li;,Tiito 215 

Gerrard,  A.  W.  (London,  England),  organic  proximate  principles,  salts,  acids,  aloin 19 

examination  of  Australian  pitnri 133 

G^rstenhofer,  fumnco  for  burning  p3rrites 11 

Ghedi  (Italy) - 

peat,  analysis  of 3W 

Gibb  &,  Giltharp  (England),  revolving  furnace  for  calcining  pyrites  residuum 14 

method  of  extracting  copper 14 

Gidney,  Clark,  &  Co.  (London,  England),  drugs,  resins 13 

Gigon  (Paris,  Franco),  naroeine 118 

Giraud  (France) — 

chemical  industry' — 

magnesia 84 

potash 84 

soda 84 

Girgenti  (Italy)— 

chemical  industry — 

sulphur 88 

Glaizat  &  Pellioux  (France),  distillation  of  iodine  fhim  kelp 58 

Glaizot  Brothers  (Abervrach,  Finistdre,  France),  iodine  fh>m  sea-weed,  potash,  bromtne 83 

Glasgow  (Scotland) — 
chemical  industry — 

Chs.  Tennant  &  Co.'s  Saint  RoUox  Works 53,58,90 

alkalies 81 

borates 98 

chlorino S3 

maDgancse,  oxide 10 

soda IB 

carbonate IQ 

sulphur M 

alumina,  pbosphato Itl 
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Gkfleow  (Sootland)— Continned.  Page, 

chemical  industry — 

MDmonia,  snlpbAte 00 

bromine qq 

chlorioalcinm go 

citric  acid ^ 91  131 

iodine 5(j^  00 

lime,  acetate 00 

phoaphoms 01 

«oda 90,01 

potaah,  chlorate 00 

pmasiate 01 

irataasiam,  bromide 90 

chloride 00 

iodide 00 

GLASS— 

artidea  manu£Eictured— 
chemical  apparatna — 

retorts  for  concentrating  Bulphuric  acid . .  21 

replace  atone  \rare  in  nitric  acid  manufacturn 26,27 

veaaela  coated  with  platinum  as  sabstitntcs  for  solid  platinum 68 

desiccating  bottles HI 

mikterials — 

ammonia-soda— 

carbonate  (fur  fine  qualities  of  crystal  cud  plate) 47,76 

silicate 5] 

etching  preparations 8G 

saud:  Belgium 272 

sodium,  sulphate 

models  of  mines,  exhibited   188,180 

fuel  used  in  manufacture :  Great  Britain 210, 21 1 

decoration — 

pigments  from  uranium  ores 301 

GloTcr,  John  (Newcastlc-on-Tyne,  Riiglond),  inventor  of  sulphuric  acid  toTvor 17 

Glovertower v 13,10,17,18,19,78 

Godart&Contenau  (Paris,  France),  crucibles,  etc.,  of  platinum 87 

Groebel  (Belgium),  apparatus  for  manufacturing  nitric  acid 27 

Gold  (Me  Chemistry ;  alto,  Metal- working ;  aUo,  Minin;:). 
Gold  Coast  (SM  France :  colonics). 

Golding,  Davis,  &  Co.  ( Widnes,  England),  soda,  chloride  of  lime 80 

Gooil  Hope,  Cape  of  (Mte  Great  Britain :  colonics). 
Goroblagodatsk  (Ural  Mountains,  Bussio) — 
mining  industry — 

platinum 250 

Gosaage,  W.  &  F.  H.,  (Widnes,  England),  nmnionin  soda  manufacturing  process 44 

Gothembourg  (Sweden)— 
chemical  industry — 

malt  extract 153 

Gourayas  (Algiers,  Algeria)— 

iron  and  copper  mines 180 

Government,  American  {tee  United  States). 

Grabowsky,  quoted,  on  the  production  and  uses  of  ozokerit  and  paraffino 71, 72 

(vraebe,  C.  (Geneva,  Switzerland),  &  Liebermann,  C.  (Berlin,  Prussia),  discovery  of  properties 

of  alixarine 100 

Graham,  Thomas  (London,  England),  investigation  of  the  properties  of  palladium 00 

Gran,  C.  K.  (Bergen,  Norway),  cod-liver  oil 146 

Grand-Combe  (France) — 

early  coal-mining 176 

Grandola  (Portugal) — 
mining  industry — 

copper  pyrites 320 

Grondval,  A.  (Reims,  France),  vegetable  extracts 117 

Graphite  («m  Mining). 
Graase  (France) — 

chemical  industry— 

perftimery  from  flowers 115 
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Gratz  (Styrfa,  Austria)— 
cbemioal  industry — 

superphosphates 57 

Gray  (England),  ammonia-swla  monnfacturiag  process 44 

GREAT  BRITAIN— 
Ceramics— 

chemical  apparatus — 

stone-ware  recipients  fop  nitric  acid 28,27 

replaced  by  glass 36 

CHSMISTBT  and  PUAIIMACY— 

exhibit,  chemical 87-81,137 

pharmaceutical 128-131 

exhibitors,  number  of 7 

awards,  number  of 7,8 

condition  of  the  industry 8, 73, 87-».  128 

manufactures — 

alizarine,  anthracene 100,104 

alum  cakes 58,91 

displaced  by  sulphate  of  aluminium ...         '»7 

in  paper  manufacture 57 

dyeing  textile  fabrics 57,58 

borax 50 

chlorine  and  bleaching  powder        51-54.89 

cyanides W 

iodine :>5,5d,8» 

nitricacid ,   28,27 

opium  and  preparations M9,130 

ozokerit,  illuminating  oils,  parafflne,  etc   72 

pUls 1» 

platinum,  etc.  (Mce  Metal- working,  below). 

soda 32-51 

ammonia 44,45 

used  in  ultramarine  works *• 

glass-works ••$,47 

capital  invested  in  the  industry 88 

crude *? 

hydrochloric  acid .     ..34,38,37,45 

sulphate 33,34 

waste,  regeneration  of  sulphur  from 38, 39, 43. » 

sulphuric  acid l>-25 

residues  of  burnt  pyrites 13,235 

Bessemer  material H 

•     copper 13,14 

gold U 

oxide  of  iron  (for  pigments) 15 

silver 13,14 

famins  (Nordhausen) 24,25 

manufacturing  processes,  apparatus,  machinery 88 

chlorine — 

TVeldon's  process  for  regenerating  oxide  of  manganese 52,  53, 78, 79, 80. 84,  W 

Deacon  &  Hurler's  process - 53 

great  cost  of 33 

difflculticsin 53,54 

cyanides — 

from  waste  of  gas  works   W 

nitric  acid — 

distillingapparatusof  stone  ware •. 26,27 

soda — 32,78 

sulphate  of  soda  furnaces 33,34 

cost 34 

Hargreavos  St,  Robinson's  process  34,35,36,45,)^ 

great  cost  of  35, 36 

hydrochloric  acid,  Jones  &  Walsh's  process  of  condensing 38, 37 

crude  soda  furnaces ; 37 

Mactoar*s  process 37, 45 
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:aT  BRITAIN— Continued. 

yHKMBTaT  AMD  PHAKMACT— 

mauafkotnrlng  prooeases,  apparatos,  maohiocry— 
aodflr— 

evaporation  of  lye 39 

calcininft  ftimace 39, 90 

waste,  regenerating  tulphur  ftrom,  M aotear's prooess 43,90 

coat  of  plant 43 

ammonia  proceaa 44,45 

from  illuminating gaa  works 49,60 

sulphuric  acid — 

pyrites-burners 10,11, 12,  Iw 

furnaces  for  extracting  pyrites  residues 18, 14 

vitriol  chambers 15 

Glover's  tower 18,1(1,17-19,78 

concentrating  apparatus 19-22 

platinum 19,20,21,64-69,90,91 

costof 19,20,25 

glass 21,22 

fuming  (Nordhausen)  acid,  platinum  apparatus  for  distilling 25 

fdel  used — 

coal 35, 37, 97, 90 

coke 17,18,83 

economy  in 32,35,37,89,90 

products,  by-products,  materials 
acids- 
acetic  90 

boraoic 59,92 

carbolic 130 

cetylic 129 

chrysophanic    129,130 

citric 91,131 

gdseminic 180 

hemipinic 130 

hydrochloric 84,30,37,43,45,53,90 

hyporuthenic 67 

nitric    15,26 

oleic         129 

opianio 130 

osmic 67 

stearic 129 

sulphuric 9, 15,  34, 36, 43, 45, 54, 58, 90 

fuming  (Nordhauson) 24 

theobolactic 129 

valerianic  131 

alizarine 100 

alkalies 32  73,89,99 

aloin 129 

olum      58,91 

aluminium 48 

phosphate 131 

sulphate 58 

alumino-ferric  cake  (for  purifying  water) 91 

ammonia 44-50,90 

chloride 47 

sulphate 90 

aniline    16 

anthracene  104 

antimony 54 

apomorphine 129 

hydrochlorate 129 

arsen  ic 14, 64 

barbaloin 129 

barium,  carbonate 90 

bauxite 91 

boisine 72,131 
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prodacts,  by-prodnots,  materialii 

biliary  matter 129 

black  aab  (tee  soda,  Mow). 

bleaching  powder 5!,W 

boldo 130 

borax 59 

bromine 90 

cadminm,  salts 120 

caffeine 129 

calcium,  carbonate *S 

camphor 129 

monobrom 129 

capsaioine 129 

carbon— 

sulphide 89 

tetrachloride 89 

charcoal,  sea^weed 99 

chloricalcinm 90 

chlorine 51-54,©,  90 

chloroform !$> 

coal 89 

coca 190 

codeine 129 

cod-1  Iver  oil , 129 

coke 17,83,72 

colchica 1» 

copper 18,14 

sulphate 51 

sulphide 14 

coto 189 

creosote 199 

cresol 189 

curorine 180 

cyanides  88^90 

dimethyl  130 

duboisia 189 

eggs,  spirit  of 131 

eucalj-ptus,  preparations  of 131, 135 

extracts  129,190 

Fowne's  artificial  alkaloid 129 

fruit  essences 128 

fnrf urine VS 

gadnine 129 

gelatine  preparations 1 139 

glycecolls 130 

glycerine 128,139 

gnosoopine 129 

gold 13 

gnavana 180 

hydrocatamine - 129 

hypophosphates 131 

iodine 55,50^88,90 

iron 13,14 

arsenate 14 

oxide 15,38,39^48 

Jaborandl , 139 

jiUube  139 

kelp 55,56 

lavender,  oil  of *7 

lime 14,47.88 

acetate 81 

bisulphite 43 

caustic 37 

chloride  98 

silicate C 
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products,  by>pTodacta,  materials— 

Uthimoitrate 128 

raftgneftla— 

calcined 81 

carbonate 91 

ma|(neaiam — 

carbonate 4S 

platino-oyanide 67 

manganese 38,90 

oxide 90 

peroxide 53,88 

meoonine 129, 130 

meoonoioaine 129 

mercury   129 

morphine 129 

naphtha 72 

naphthaline 180 

tetrachloride 180 

naroeine 129 

narootine 180 

nataloin  129 

nitro-glycerine 16 

nor-narcotine 180 

oi]s,ee0ential 128,129 

oflarender 67 

peppermint 116 

verbena 131 

lubricating 72 

opium 129 

oxynarootine  120 

ozokerit 71,72 

paraflSne 72 

peppermint,  oil  of 116 

pepein 181 

perftimes 181 

phenol 181 

photphoruB 91 

pilla 180 

pilla 130 

pilocarpine 130 

■alta 129,130 

platinum  («««,  a2to,  metal-working) — 

bichloride 67 

chloride ^ 67 

potash — 

chlorate 00 

citrate 128 

pmssiate 91 

snlpho-carbonate 89 

zanthate % 89 

potassium — 

bromide 90 

chloride 90 

iodide 14,90 

nitrate  (saltpeter) 88 

pyrites 9,13,14,88,222-281,286 

quinine 139 

rho<lium,  sidio-chloride 67 

salt 13,14,34,35,47,88,99 

saltpeter  (nitrate  of  potassium) 88 

satin-whita,  from  barium 90 

silica 43 

■flver 18,14 

iodide 14 
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products,  by-products,  materials— 

soap 131 

socaloin 129 

soda 14,32-51,77.88,89,90,96 

bisnlphate 16 

black  ash 89.90 

caustic 80,90 

crude ^ 17-38 

crystals 89 

lyo » 

nitrate 15,16.27.88 

phosphate 91,131 

stannate 91 

sulphate 33-37,89,90,91 

sodium — 

carbonate 48,  «7 

chloride 33.34,38,48,67 

fenxMsjanide 88 

nitrate 15,45 

sulphate 14,34,38,89 

sulphide 14 

sulpho-cyanide 38 

sulphur 13,39,88 

from  soda- waste 38,43,96 

chloride 89 

sulphuric  acid 9.15,34,36,43.45,54,58,99 

fuming  (Ifordhausen) W 

anhydride 24.36,39 

thebaine,  hydrochlorate 129 

vermilion 129,139 

tine S 

production  and  consumption — 

alum 91 

bromine 99 

chlorine,  bleaching  powder 89 

iodine 89,99 

lime 88 

limestone S& 

manganese,  peroxide 88 

ozokerit 71 

potash,  chlorate 90 

potassium,  bromide 90 

chloride 90 

iodide 90 

pyrites '. 9,8B 

salt Si 

soda 27,49,50.88,90 

soda,  nitrate 88 

sulphuric  acid , 9 

used  in  preparation  of  fertilizers 9 

soda  and  o ther  manufactures 9 

imports — 

boracio  acid— 

fh)m  Italy 98 

borax — 

ftom  Asia  Minor S9 

cod-liver  oil — 

from  Norway 129, 148 

eucalyptus,  oil  of— 

from  Australia 135 

iron,  chromate— 

from  Siberia 96 

manganese— 

ttom  Spain  16 
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imports — 

nitrate  of  soda 88 

from  Pern .' 27 

ocokerit— 

from  Anstxia 7'J 

perfumery — 

from  France 116 

pyrites 88 

ftx>mPortagal - 13 

Spain w -• 13,9G 

WestphaUa 15 

salt— 

from  Spain 96 

saltpeter 88 

snlphnr 88 

fromSpain 96 

snlphoric  acid  residues— 

from  Germany 13 

wines,  Madeira,  from  Portugal 150 

Port,  from  Portugal 150 

exports — 

alkalies 32 

to  Austria 78 

United  States 99 

bleaching  powder — 

to  United  States Oi) 

soda 88,80 

to  Belgium 89 

France 77,89 

Germany 89 

^Netherlands 80 

Russia 89 

UnitedStates   89,99 

operatives- 
number  employed,  in  soda  industry 88 

wages  in  soda  industry 88 

skilled  labor  superseded  by  machinery 82, 36, 39, 80 

Clocks  akd  Watchxs— 

exhibit 405 

watches  not  maufactured  by  machinery 408, 400 

system  of  manufacture 408 

imported  from  United  States 410 

Glass— 

chemical  apparatus- 
retorts  for  ooncentratiog  sulphuric  acid 21 

replace  stone  ware  in  nitric  acid  manufacture 20 

materials — 

ammonia-soda,  carbonate,  for  fine  qualitioH  of  crystal  and  plate 47 

Machikebt  (including  tools,  implements,  appliances,  processes)— 

exhibit,  finest  in  Exposition 391 

accurate  workmanship  shown 391, 396 

little  novelty  in          301, 3gc 

chemicals — 

superior  apparatus  employed 87, 89 

chlorine  manufacturing  proccssoa — 

Deacon  &  Hurter 52, 53, 64, 89 

Dunlop 53 

Weldon  (regenerating  oxide  of  manganese) 52, 53, 90 

model  of  apparatus  exhibited 90 

nitric  acid  manufacture- 
stone- ware  distilling  apparatus 26, 27 

soda  industry 32-51 

numerous  inventions  of  apparatus  and  processes 32. 89 
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liACHllfBUY— 

chemicals— 

Boda  mdiutry— 

large inTeatroents  in .* •.-.. 12,85 

ammonia  process — 

early  patents  of  methods --•-*-? ** 

Solvay'a  (Belgian)  process  adopted —........... 46 

cmde,  from  sulphate , .....,,...'. 37-39 

Elliott  &  Rnssell 37 

Hargreaves&  Itobinson .•>••••.*    —•:-32,38, 45 

Hactear 37,38,39,45 

sulphate  and  hydrochloric  acid  apparatus— 

Hargreaves  &.  Robinson ^ 32,34,35,36 

Jones  &  Walsh 33,34,36 

Cammaok  &  Walker 34 

sulphuric  acid  manufacture— 

pyrites-burners 10, 12, 13 

Glover's  tower 13,  Ifi,  17-19 

vitriol  chambers   15^  16 

concentrating  apparatus W-2! 

platinum 20, 21, 25, 6i  65, 06, 90, 91 

cost  of 20,25 

glass a,  22 

engines- 
valve  movements  388,382 

twin-cylinder  steam.engine :  Joseph  Bemays,  London,  exhibited.  382, 383 

illustration  of 38? 

tree- felling  engine  (saw) :  Ransomes,  Sims,  &  Head,  Ipswich,  exhibited 333, 384 

illustration  of 883* 

differential  compound  pumping  cn;;ines 384 

hoisting  engines  and  machines  ^ 

traction  engines 384 

locomotives  {»ee  Railway  Apparatus). 

hydraulic— 

for  testing  tensile  strength  of  metals 396 

accumulators 398 

pumps 898 

riveters  for  boilers 398 

machine  tools — 

drills 396 

gauges 396 

gearKSutters,  dividing  apparatus 397 

lathes 396 

locomotive  repairing  tools 396 

measuring  machines 396 

milling  machines VP 

quick-return  motion  on  shaping  machines.- 394 

screwKjutters 196 

small  tools ^ 

surface  plates W 

metal-working — 
iron — 

smelting,  recent  improvements 211 

platinum — 

'*  autogenous  soldering  "  by  oxyhydrogen  blowpipe 85 

pyrites  residues,  extraction  of  silver  from 13,14,235 

Glbb  &  Giltharp's  furnace 14 

used  in  iron  smelting 2K 

silver — 

Luce  St,  Rosan  (French)  concentrating  proceen 187 

paper.working — 

printing  presses 396 

type  composing  and  distributing  machine 393 

stone.dre8sing  machines:  Bnmton  t  Trier,  London 39M00 

ilinBtrations  of 39»*,  400*,  401*.  402' 
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Hachikkrt— 

watch-making  machinery — 

not  employed 408 

dlBbelieved  in 409 

MRTAL-woRKiMCt  {see,  also.  Machinery:  metal- working,  above)— 
alominiom— 

exhibits 60,07,85 

chemical  balances,  optical  instruments,  etc 85 

alloy  with  nickel 85 

silver 85 

copper— 

extracted  from  pyrites  residues 13, 14, 109, 203, 204, 205^  206, 207, 209 

silver  extracted  from  ores  of 208,209 

parts  of  locomotives 444 

gold- 
contained  in  pyrites  residues 13 

used  as  solder  for  platinum 65 

iridium  (cee  platinum,  below). 
iron — 

pyrites  residues  used  in  smelting 199, 207 

lead- 
silver  extracted  from  ores  208*209 

nickel— 

alloy  with  aluminium 85 

manufacture 271 

osmium  {tee  platinum), 
palladinm  (tee  platinum), 
platinum — 

metals  associated  with — 

iridium 65 

exhibit 63,66,91 

as  an  alloy  of  platinum 66, 68 

mathematical  instruments,  weights,  measures,  etc 66, 68, 69 

colors  for  porcelain  decoration 69 

osmium 05 

exhibit 65,66,91 

pointing  pens,  suspension  points 69 

palladium 65 

exhibit 65,66,69,91 

power  of  absorbing  hydrogen 66, 69, 91 

points  of  pencils,  lancets,  etc 68 

mathematical  instruments,  etc 68 

rhodium 65 

exhibit 65,66 

ruthenium 65 

exhibit 05,66,91 

exhibited 6*.  68. 90, 01 

manufacturing  processes 04 

fusion.  65 

autogenous  soldering  (by  oxyhydrogeu  blowpipe) 05, 66, 68 

coating  metallic,  ceramic,  and  glass  objects  with 67, 08 

apparatus  for  concentrating  sulphuric  acid 20, 21, 25, 64, 65, 66, 91 

asbestus  preparation,  sulphuric  acid  mtmufacturo 24, 25 

general  chemical  apparatus. .  .  66 

colors  for  ceramic  decoration 67,68 

pyrites  residues- 
copper  extracted  from 13, 14, 199, 203, 204, 205, 206, 207, 209 

gold  extracted  from 13 

sUver  extracted  ftt)m 13, 14, 208, 209 

used  in  manufacturing  Bessemer  steel 14 

iron-smelting  furnaces 199, 207 

rhodium  {tee  plaiinuu)). 
mtiienium  {tee  platinum). 
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MSTAL-WOBKINa — 

silver- 
extracted  from  copper  ores .  1X8, 208 

lead  ores 208,3» 

pyrites 13,lia8,2» 

alloy,  with  aluminium 85 

steel — 

replacing  iron  in  r&Uway  material 420 

Bessemer — 

pyrites  residues  used  in  manufacture  of 14 

low  cost  of 420 

parts  of  locomotives 443,444 

rails 4!^ 

tin- 
plating  on  iron ac 

Mining  Ikdubtbib»— 

reporton 194-25 

exhibit    194,1K 

little  novelty  in  194,  IK 

illiberality  of  exhibitors 194,1» 

condition  of  the  industry — 

recent  prostration 19ilM 

review  of;  for  1860, 1865, 1870-'77 IMSS, 

extent  of  metal  trade 198,211 

market  prices  and  values 200,301 

fluctuations  in 196 

from  improved  processes 196,197 

new  sources  of  supply 198 

industrial  prostration    198 

diminishing  supply 198 

new  applications 198 

in  London,  the  standard 198 

of  clay 219 

coal 216.217,219 

copper 216,217,219 

gold 2W 

iron,  pig 216,217,219 

lead. 216,217,219 

salt    219 

silver 216,217,219 

tin  216,217,21« 

cine V ..216,217,219 

processes — 

coal-cutting V^ 

copper- 
extraction  from  pyrites , 197, 203, 204,  'JOS,  29* 

smelting 203 

iron — 

smelting 195,211 

lead — 

smelting 295 

nickel-plating  198 

pyrites — 

iron  extraction  from  198, 20T 

copper  extraction  from 190,203,204,205,207,235 

sulphur,  etc.,  extraction  from  («««,  oito,  Chemistry, oftoM) 9,13,206,207 

silver,  extraction  from 207, 208, 209,235 

silver — 

extraction  from  copper  ores    ' 208,209 

lead  ores 108,208,299 

pyrites 207.208,299 

silver  ores 208,206,219 

concentration   1?7 

steel-making,  Bessemer 196,19? 

Siemena 106,197 
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On— 

ooncentratlou 109 

plate-makiiiK 202 

smelting 239 

zino— 

smelting 20«,214 

production  and  consumption— 

day 199.218,219 

coal 171, 197, 20  \  201, 210, 211, 214, 215, 210, 217, 218, 220, 225 

ttsesof 177,210 

in  ceramic,  glass  manufacture,  etc.  210, 211 

chemical  manufacture 210, 211 

gas  manufacture 210, 211 

household  purposes 210,211 

metiJlurgy 211 

ofoopper 211 

iron 210 

lead 210 

tin 210 

zinc 210 

mining 210,211 

railways 210,211 

steam  navigation 210, 211 

steam-power  in  factories 210, 211 

water  works 210, 211 

exported 210,211 

ooke 225 

oopper 197, 198, 201, 203-205.  206, 207, 208, 209, 213, 216. 217, 218, 219, 220, 222, 241 

pyrites 13,203,204,208,209,213 

galena 205 

gold 197,207,218,219 

graphite — 196 

iron 196,198,199,206,220 

har 172 

ore 172 

pig 172.190,200,201,216,217,218,219 

Spiegel 206 

lead 172,197,198,205,209.213,214.210.217.218,210.220,223 

pyrites    9,109,206,207,214,218,220,224,235 

salt   199,218,219 

silver 197.108,207-210.216,217,218,219 

steel 172,196,206 

sulphur 206,207 

sulphurous  pcid 200,207 

sine 173, 198, 199, 200, 214, 210, 217, 218, 219, 220, 224, 305  note 

tin : 190, 198, 202, 203, 212, 214, 210,  .:i7, 218, 219, 220, 221 

exports -  201 

ooal 210,211,214,220,295 

toAlgeria •. 189 

Chili 215,225 

Denmark 225 

Egypt 225 

France 177,214,225 

•      Germany 215, 225 

India 215,225 

Italy 225,308 

Netherlands 225 

Portugal 32S 

Bnssia 225,201 

Spain 225 

Sweden 225,263 

United  Statea 215,225 
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ftxporta— 

copper 208,220 

to  France 175,222 

Germany 222 

India 213,222 

Italy 222 

Netherlands 222 

Hoaaia 222,261 

United  States :  213,222 

iron 214,220 

to  Russia 261 

lead 905,220 

to  China 205,218,223 

France 175,213,228 

Germany 213, 223 

India 223 

Russia :  213,214,223 

United  States 205,213,214,223 

pyrites 220 

salt— 

to  Russia Ml 

silver 208 

steel— 

to  Russia Ml 

tin 220,221 

to  France 221 

Germany 211 

Russia 221 

Turkey 221 

United  Slates 221 

zinc 214,220,221 

to  Australia 224 

Canada 284 

France 224 

India 224 

Turkey 221 

UnitedStates 224 

imports 202 

copper  203,206,220,222 

from  Australia 213,222 

Bolivia 222 

Canada 222 

Cape  of  Good  Hope 213,222 

ChlU 213,222 

Cuba 222 

France • 222 

SouthAfrica 222 

Spain 222 

Sweden 284.285 

gold— 

from  United  States 850 

iron 206,220 

from  Alalia m 

Belgium 206 

Greece  339 

Westphalia 206 

iMd 205, 209.220 

from  Australia 223 

Bel^um 223 

France 223 

Greece 209.218,223 

Italy :. 213,213,228 

Netherlands 223 
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importo— 
leftd— 

fttmi  Portngftl 223 

Spain 200,218,223 

United  StotM 205 

nickel— 

from  Norway 271 

pyrites 200.207,220 

from  Netherlands 224 

Norway 214,224 

Portugal 214,224,322-331 

Spain : 214,224 

•llTer 208,210 

fttnn  United  States 350 


from  Westphalia 206 

tfai 202,212,220,221 

ftomAostrali* 212,221 

Cape  of  Good  Hope 212 

Caiili 212,221 

Netherlands.  East  India  colonies  ■ 212,221 

Peru 212,221 

Portugal 212 

Spain 212 

Straits  Settlements 212,221 

lino— 

from  Belgium 206.214,220,224 

France 224 

Germany 206.224 

Greece 338 

Italy 224 

Netherlands 206, 214, 224 

Norway : 224 

Sardinia 206,214 

Silesia 214 

Spain 214 

operatlTes— 

discontent 104 


increase- 
in  coal-mining 197 

dangers- 
explosions  184 

increased  cost  of  living 108 

ftiel— 

coal  (#M,  alio,  exports ;  aUo,  prices,  above)— 

uses  of  (tee,  <tUo,  production  and  consumption,  abovt) 210, 211 

increased  cost 197 

expedients  to  economize 200. 211 

works  conducted  abroad— 

borate-mining  in  Asia  liinor      59 

Yulcano,  Italy 92 

pyrites-mining  in  Portugal  214, 822, 331 

Railwatb  (including  apparatus,  material,  fixtures,  etc.) — 

exhibit 4 19, 423 

showed  highest  type  of  European  construction 423 

extentof 429 

capital 429 

passengers  carried 429 

receipts 429.430 

from  passengers 429 

freight 429 

working  expenses 429 

cost  per  mile 430,455 
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speed  of  trains 430 

operatives,  number  per  mile IZi 

coal  consumed 210,211 

fixtures,  permanent  way,  etc. — 

depots,  buildings,  etc 42 

recent  improvements 42S 

dazBble  character 430 

signaling  apparatus 4*1,488 

Saxby  &  Farmer's  system 407, 488 

used  by  Pennsylvania  Railroad 488 

locomotives 443445,451 

express  passenger  locomotive:  Sharp,  Stewart,  &Co.,  Manchester,  exhibited..  443, 444*,  445 

narrow  gage 451-454 

saddle-tank  locomotives:  Black,  Hawthorn,  &Co.,  Gateshead-upon-Tyne,  ex- 
hibited  445,450^,451 

4ooomotive8  by  Fairlie  En^ino  and  RoUing-Stock  Company,  Bristol,  exhibited.  451-454 

for  Yenesuelan  Government  railways 4S2*,453 

adopted  in  Australia 452 

Ireland 452 

Mexico 452 

Norway 452 

Peru 458 

Russia 458 

Venesuela 452,458 

Wales 452,456 

advantages  of  458,454 

narrow  gage 454, 455-457 

usoftd  as  feeders  to  trunk  lines    454,455 

road  to  Dinros  slate  quarries,  Wales 45&45i 

equipment  of 45^  454 

cost  per  mile 4K 

receipts 455,456 

locomotives  («««,  also,  locomotives,  dbotifi) 452 

passenger  cars ^ 

speed  of  trains 458 

brakes  on  trains — 

requirements  of,  stated  by  British  Board  of  Trade 467 

Westinghouse  air-brake 487 

ENGLAND  {tee,  aleo,  Birmingham,  Durham,  Newcastle, 

Blairstow,  Gateshead-upon-Tyne,  Newton, 

Bolton,  Ipswich,  Northwich, 

Bristol,  Kilbum,  Runcorn, 

Chester,  Leeds,  Sandbaok, 

Church.  Leicestei,  Widnes, 

"Cleveland  District,"       London,  Woolwich, 

Cornwall,  Manchester,  Yorkshire)— 

Devonshire,  "Middlesborongh  District," 

MnoNO  AND  Metallurgy— 

coal  deposits 215 

price 2181,217 

copper-smelting  263 

lead,  price 21«,2n 

pig-iron,  price 218  217 

pig-lead,  price 2161,217 

tin- 
deposits  in  Cornwall  238,237.340 

Dfvonshire 340 

price 2181,217 

sine,  price 218,217 

IRELAND  (tee,  alto,  Cork, Dublin)— 
Chrmihtbt  and  Pharmacy^ 
manufactures — 

chlorine 89 

llmo,  chloride •• 
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ClWMIBTBT  AKD  PHARMACY— 

manu&otureft— 

magnesia,  calcined dl 

carbonate W 

soda,  sulphate 89 

COTLA17D  (JIM,  aUo,  Edinboi^'b,  Glasgow) - 

CHBM18TBT  AKD  PUABMACT— 

manTifactnrea— 
acids— 

boracic 59 

citric 99,131 

opianio 130 

theobolac  tic 129 

alnmina,  phosphate 131 

bromine 90 

charcoal,  sea-weed 80 

chloricalcium  (disinfectant) 99 

chlorine,  bleaching  powders 53 

chloroform 130 

iodine,  fhnnkelp .65,56,90 

competition  from  South  America 55,50 

residues  utilized  as  a  deodorizer 50, 90 

manganese,  oxide,  regeneration  from  soda  waste 90 

opium 129 

preparations  of— 

alkaloid,  Fowno'a  129 

apomorphine IM 

caffeine 129 

codeine    129 

cryptopine 129 

di-,  tri-,  tetra  codeia 189 

furfurine,  nitrate 129 

gnoscopine ". 129 

hydrocotamine 129 

meconine 129 

meconoisine  129 

morphine 129 

narceine 129 

nwrcotine 130 

nor-narcotine 130 

opianicacid 130 

oxynarcotinc 129 

thebaine 129 

theobolactic  acid 129 

phosphoms 91 

potash,  chlorate 90 

prussiate 91 

potassium,  bromide 90 

chloride 90 

iodide  90 

soda 89,99 

caustic 90 

phosphate 91,131 

stannate 91 

sulphite 91 

imports— 

boracic  acid  from  Asia  Minor 59 

MlNIVG  AKD  METALLUBOT— 

operatives,  wages  of 1 97, 198 

increased  ptice  of  living 198 

pig-iron,  price 216,217 

bog-head  coal  deposits 244 
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WALES  (Me,  tUto,  Binney  Quarry,  Dinros,  Festiniog,  Port  Madoc,  Swansea)— 

CHSIOBTBT  AMD  PHAHMAGY— 

ozokerit  deposita 71 

Mdono  and  Mstallurgt— 

coal  deposits 315 

used  on  railways  in  India 242 

copper  smelting 3lj 

pig-iron,  prioe 216,217 

zino-smelting 338 

Bailwats— 

narrow*gage  road  to  Dinros  slato  quarries 45M57 

equipment  of 4&5,4o6 

cost  per  milo 435 

receipts 455,436 

locomotlyes 452,456 

passenger  cars 456 

speed  of  trains 456 

COLONIES- 

ATTSTBALIA  {tee,  olfo,  Avoca,  Gnlgon;;,  Stroud, 

Ballant,  Lithgow  Valley,  Talbot, 

Bowenfels,  Melbourne,  Tallawang, 

Burra,  lioonta,  Vale  of  Clwjdd, 

Gape  Paterson,  Newcastle,  Wallaroo, 

Cudgegong,  Sydney,  Wallerawang) — 

Eskbank, 

CHDaSTRT  AND  PHABMAGT— 

eucalyptus  preparations  (eee,  aleo^  Forestry,  below) 128,134,135 

kerosene-shale  illuminating  oil 244 

exports- 
essential  oils  of  eucalyptus  to  Great  Britain 135 

FORISTBY— 

eucalyptus- 
exhibit  of 128 

« 

properties  of  («ee,  aZ«o,  Cbcraistry) 134,135 

transplanted  to  Algeria  126,134 

Cape  of  Good  Hope 134 

Cuba 133 

Italy 134 

Spain 134 

Machimbbt  (including  tools,  implements,  appliances,  processes) — 
metal-working— 

pyrites 235 

tin— 

reverberatory  smelting  furnaces 239 

mining- 
no  exhibit  of 235 

gold-washing,  cradles,  pans,  etc t3S 

tin-washing,  j  igs,  sluices 231 

McnKO  IlfDUSTBIBS— 

report  on 22»-246 

exhibit 236 

mining  appliances  not  shown  22^-235 

geography  of  the  islamd ; 227 

political  divisions  (eee  individual  eoUmiei , below). 

want  uf  co^>peratiou  between 29 

geology  and  mineralogy 227-231, 236, 2r 

variety  of  minerals 228,29 

antimony- 
yield .        245 

coal 241-244 

occurrence 241,242,2C 

area  of  deposits 241,242,243 

quality 242,243 

yield 242.213 
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Page- 
BEAT  BRITAIN— CoBtimied. 
COLONIES- 
AUSTRALIA— 

MiKIRO  iKDUffTRUS— 

▼arietiM  of  mineral*— 

oopp«r 280-241 

oconrrenoe 239, 2M 

yield 239,240,241 

gold 229-236 

oocnrrence 229;  230, 231 

quali^ 281 

dlMoreiyof 231,232 

dieoonraged  and  concealed  by  the  New  South  Wales  Government. .         231 

area  of  deposits 232 

yield 232,233,284 

kerosene  shale,  bog-head  mineral    243,244,245 

oooorrenoe 244 

analysis  of  244 

ottfh>m 243,244 

yield 243,244 

quality 244 

used  in  gas-makiag , 244 

yield 244,245 

lead 245 

area 245 

neglected 245 

pyrites— 

treatment  hitherto  nnsnocessftil 235 

qnioksilyer,  cinnabar 245,246 

silTer 235,236 

litUe  attention  given  to 235 

occurrence 236 

yield 236 

tin 236-239 

ooonrrenoe 236,237 

area  of  deposits 287 

discovery  of 287,288 

yield 237,288,289 

processes,  appliances,  machinery— 
coppep— 

smelting 240 

gold— 

quarts-crushing 282,235 

hydraulic  mining,  water  insufficient 235 

puddling 285 

cradles,  pans 235 

tin- 
smelting  in  reverberatory  furnaces  202,212,288^239 

washing  in  sluices  and  Jigs 239 

difficulties  from  want  of  water 229,235,239 

writings  on  Australian  mineral  resources 226 

referred  to  (see  litt  tinder  Mining  Industries), 
production  and  consumption — 

antimony 229,245 

dnnabar 245,246 

coal 228,229,241-344 

bog.head 229^244,245 

kerosene  shale.  229,243,244,245 

oil 243,244,245 

copper 218,228,237,239-241 

diamonds "229 

gold 228,229-235,236,241,245 

Iron 229,246 

lead 229,245 

pyrites 280,286,237 

37  P  B— VOL  IV 
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GBEAT  BRITAIN— Continued. 
COLONIES- 
AUSTRALIA— 

HiNIKa  lKI>U8TIlIE8-> 

production  and  consumption— 

qnickiflver 229^245, 2M 

sapphires 237 

silver 229,284,235.236 

tin 198, 198, 202, 212. 228, 236-2».  340 

exports — 

bog-liead  coal,  kerosene  shale 244 

copper 239.240,241 

to  Great  Britain 213,222 

lead- 
to  Great  Britain  223 

tin- 
to  Great  Britain  212,221 

importa— 
zinc — 

from  Great  Britain -.^ 224 

NEW  SOUTH  WALES— 

situation  of 227 

Chxmibtbt  and  Phakmact— 

arrowroot 122 

cider 132 

glue IS 

keroeene^hale  illuminating  oil    244 

mineral  waters 132 

.  vinegar 132 

wine I3S 

MixiNO  Industbibs— 

exhibit 234 

varied  mineral  resources 224 

geological  formation 227, 228.234 

products — 

antimony 315 

coal ...  24J-3I5 

area  ...       212 

quality 2C 

used  on  railways  in  India    212 

tested  at  Boyal  Arsenal,  Woolwich^  England 213 

yield 242;2I3 

price 242,20 

kerosene  shale,  hogshead 243;2M 

yield 243,245 

area iti 

used  in  gas-making W4 

anilysisof  244 

oil  from 243,244 

copper 240 

gold 23a.2Jl 

fineness  of •. 231 

discovery  of,  concealed,  on  account  of  the  penal  colony 231 

area  of  deposits 233 

yield 232,233,234 

quai'tz-stamping  mills 2£ 

lead 245 

area 245 

quicksilver,  cinnabar 243,244 

«llver 238 

tin 236,237,238 

area  of  dei>osits 237 

yield 238 

-QUEENSLANDu- 

aitoationof 227 
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GRBAT  BRITAIN— Contiiiaed.  Pacei 
COLONIES- 
AUSTRALIA— 

QUEENSLAND— 

Chkmibtrt  axv  Phahmact— 

annatto 133 

airowTOot 133 

catechu  from  the  acacia  decnrreiiB 128 

cinnamlo  acid 133 

gelseminam 138 

gnms — 

aeariodei 133 

banja-bimya 133 

lime  Juice 133 

oil  of  lemon  133 

,         orange 133 

pitori 133 

ooarage-comx>el1infZ  qualities 133 

medicinal  and  chemical  propeitieB 133 

quaaaia 133 

senna 133 

tannin 128 

tapioca 133 

Torbena  essence 133 

FORBBTBT- 

acacia  deoarrens,  hark  of;  furnishes  tannin 128 

lilNINO  INDUSTRIBS— 

exhibit 226 

geological  formation 227,228, 230, 241 

products— 

dnnabsr 245 

coal 241,242 

copper 240 

gold 280 

area  of;  deposits 232 

yield 282,238,234 

sHrer,  unimportant 286 

tin 287,288 

area  of  deposits 287 

yield 238 

SOUTH  AUSTRALIA— 

situation  of 227 

Chsmistkt  and  Phabxact— 

eucalyptus  preparations 133,134,135 

olive  oil 183- 

wines 183 

FOBESTBY- 

eucalyptus  183,134,135 

mimosa  bark,  for  tanning 133 

sandalwood 133 

MiKUfo  Industbibs— 

exhibit      226 

geological  formation 227, 228, 241 

foineral  deposits 228 

copper 228,280,240 

gold,  unimportant 233 

lead 245 

VICTORIA— 

situation  of 227 

CniiasTBr  axd  Phabmact— 

arrowroot 132 

disinfectant  preparations    131 

eucalyptus  preparations 131,132 

malt  liquors 132 

mineral  waters 132 

perfume  firom  the  acacia  pycnantha 128 

whisky 132 


580  INDEX. 


QREAT  BRITAIN-Gontinned.  PH*. 

COLOIHES— 

AUSTBAXIA— 
VICTORIA— 

MiNINO  INDUOTRIBB— 

exhibit SM 

geological  fbrmatioii 228^00,  Ml 

pTodacto— 

antiinooy 245 

smeltJiig  works 245 

coal,  not  workable ^ 241,242 

kerosene  shales,  bog-head 244 

copper 240 

gold 130,281.241 

fineness  of 28],2X 

area  of^  deposits 232 

yield 212,28,294 

lead * 215 

silTer 2M 

tin Vi 

yield 2» 

WEST  AUSTBALIA— 

CHxmsTBT  Ain>  Phabmact— 

encalyptos  preparations 138,134,  IK 

EORBSTBT— 

eacalyptns 131 

varied  properties  of 188-135 

CANADA  {tMt  aUo^  BrookviUe,  London,  Montreal,  Toronto) — 
Chbmibtbt  and  Phabmact— 
adds— 

hydrochlorio 77 

nitric 77 

snlphnrlo 77 

dmgs,cmde 112,128 

extracts,  vegetable 112 

potash 77 

exports— 

pearlAsh 2> 

Mnmro  Indubtrixs— 

exports,  copper  to  Great  Britain 2S 

imports,  zinc  fh>m  Great  Britain 284 

gold  (tee  British  Columbia,  below). 
BRITISH  COLUMBIA— 

MlinXO  INDU8TRIB8— 

gold  and  silrer- 

production 847,348.853,354,356 

depends  on  water  supply 356 

export  to  the  United  States 847,848 

NBWPOUNDLAND- 

cod-fishery 148 

CAPE  OF  GOOD  HOPE— 
Chemistrt  and  Phabmact— 

aloes 132 

buchu ; 182 

spirits 13! 

wines  U! 

FOBESTBT— 

malarial  fevers  dispelled  by  planting  the  eucalyptus  globulus 1)4 

liiNiNO  Industries— 
copper- 
exported  to  Great  Britain 818,22! 

tin- 
exported  to  GrK'at  Britain  212 

CEYLON— 

Chbmistrt  and  Pharmacy- 
products— 

aTeca,or\>e)te\iiTi\i 13! 
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BAT  BBITAIN— Continued. 
COLONIES— 
CEYLON— 

Chsmistbt  and  Phabmaot— 
prodaot*— 

oardunon 128 

cinchona  bark '. 128,182 

dnnamom 128, 132 

oil  of  dtronella 182 

ooooa^nat 182 

dlhndn 182 

keknna 182 

rioinns 132 

YSiilla 128 

Titivert 128 

ezporto— 

areoa,  betel  not .' 132 

cinnamon  bark 132 

cocoa-nntoil 132 

plumbago 182 

FOBBSTBT— 

cinchona  from  Ecuador  aodimated  in 137 

GULAlfA— 

Chbmibtbt  ahd  Phabmaot— 

arrowroot 132 

baUta  (variety  of  gutta-percha fh>m  the  "bully  tree") 128,131 

propertiesof 131,132 

bay-rum 131 

castor  oil 131 

coooa-nutoil 131 

copaiba 128,181 

flahglue •.  131 

honey 181 

oil  of  onodaphne  opifera  (solvent  of  india-rubber) 128 

pepper 181 

ricinus  communis,  seeds 181 

rum 132 

tonqua  beans 128 

wourali  poison 128,131 

JNDIA  (tee,  alto,  CooTgt  Neilgherry  Hills,  Travancore, 

Dodabetta  Peak,  Pulney  Hills,  Wynaad)— 

Neddivattum,  Bungbee, 

Chbmistbt  and  Phabmact— 

cardamom 128 

castoroil  142 

cinchona  {tee,  alto.  Forestry,  6e2ow) 128, 136 

preparations  of— 

amorphous  alkaloids  139 

cinchonidine 139 

cinchonine 130 

quinetum 189 

quinidine 139 

quinine 139 

processes  of  manufacture 189 

exports  to  England 139,140 

cinnamon 128 

medicinal  woods 135 

saltpeter 28 

vanilla 128 

vetlvert 128 

FOBBBTHT- 

sunflower  grown  as  a  preventive  of  malaria 185 

exhibit  of  woods  for  dyeing,  tanning,  medicinal  purposes 135,186 

cinchona  tree- 
exhibit  of  bark 136 
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GREAT  BRITAIN-ContJiiaed. 
COLOXEES— 
INDIA— 

F0BB8TBT— 

cinchona  tree- 
its  acclimation  and  cultiyatifn,  report  on,  by  Dr.  6.  C.  M.  Birdwood,  quoted   13(^140 

transplanted  from  Bolivia ...  137,138 

Colombia 137,138 

Ecuador 137,138 

Pern 137,138 

products  of  («ed  Chemistry,  above). 

IClKINO  INDU8TBIE&— 

imports- 
coal  from  Great  Britain 215,225^242 

New  South  Wales  Australia 242 

burned  on  railways 242 

copper  from  Great  Britain 213, 22! 

lead  from  Great  Britain 23 

sine  from  Great  Britain 21i  224 

JAMAICA— 

Cheiobtbt  and  Phabmact— 

beeswax 131 

castoroil 131 

coco»>nutoil 131 

dye-woods 131 

extracts  of  acacia  catechu 131 

eucalyptus  globulus 131 

hsmatoxylon  campechianum 131 

oils,  essential- 
eucalyptus 131 

Juniper,  Barbadoes 131 

lemon 131 

nard 131 

orange,  Seville 131 

pimento 131 

oil  of  anacardium  oooiden tale 131 

moringa  ptery  gosperma 131 

MAUBITIUS— 

Chxmibtby  ahd  Phabmact— 

arrowroot 132 

nutmeg 132 

tapioca 13! 

vaniUa «,  132, 141 

NEW  ZEALAND  («m,  alto,  Cape  Coromaodel,  Otago,  TuapeluK 

Nelson,  Thames,  West  Land)— 

MlinNO  INDUSTBIBS— 

noexhibitof 232 

Uttle  developed 2S 

geological  formation 228, 230, 233, 243 

product*— 

cinnabar,  quicksilver 245 

cosl 213 

quality 344 

gold 230.231,213 

hydraulic  washing 233 

production 234 

SEYCHELLES  ABCHIPELAGO^ 
Chkmibtbt  ami>  Phabmact— 

cinnamon 133 

cocoa-nutoil 132 

lemon  Juice 132 

pepper IS! 

rum 132 

ylang-ylang 13! 


INDEX.  583 

Page. 
9BEAT  BRITAIN-Contiiiaed. 
COLONIES- 

STKAITS  SETTLEMENTS  («m,  aUo,  Malacca,  Penang,  Singapore,  Wellealey)— 

CfUUnSTBT  AND  PHABMACT— 

essences  of  cinnamon 132 

cloves 132 

natmeg 182 

patchonly 132 

essential  oils 132 

gambler 132 

gntta>percha 132 

India- i-ubber 132 

mace 132 

medicinal  herbs,  Malayan,  76  varietiee 132 

nutmeg 132 

pepper 132 

sago 132 

tapioca 132 

Mining  Indubtbibs— 

tin 212 

exported  to  Great  Britain '. 212,221 

smelted  by  natives  and  Cliinese 212 

MAXACCA— 

MlKINQ  INDUBTBIES— 

location  of  deposits,  geological  oconrrenoe 236,840 

tin 212 

smelted  b3*  Chinese  operatives 212,846 

TASMANIA- 
MINING  INDUSTBIBB— 
products — 

coal 244 

gold 233 

rREECE  (tM,  alio,  Anaryssos,  Leucade,  Serephos, 

Camaresa,  Milos,  Syra, 

Corfu,  Missolonghi,  Thermisaia, 

Domtrtoc,  Morea,  Zante, 

Lamia,  Naxos,  Z6phyria)— 

Laorium,  Phthiotida, 

Chbmibtbt  and  Phabmact — 

exhibit 91,152 

products — 

alum 91 

salt 91 

sulphur 91 

Machineut  (including  tools,  implements,  appliances,  processes) — 
metal- working — 

furnaces,  remains  of  ancient,  at  Laorium 335 

modem,  Pilz  smelting 338 

mining — 

want  of,  by  the  ancient  Greeks 838 

tools  used  by  the  ancient  Greeks  884 

concen  tratlng  apparatus  of  the  ancients 385 

exhibit  of 889 

ore-dressing  apparatus,  modem 888 

MmiHo  Indubtbibs— 

report  on 332-339 

exhibits 832,889 

geolo;rical  formation 832, 333 

location  of  minerals 833,334 

ancientmines 882 

peculiar  interest  of 832 

arcluQological  remains 382, 889 

methods  of  working,  processes,  appliances,  etc 832,888-886 

tools 882,884 

hoisting  gear,  windlass  anil  pulley 384 
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Fife. 
OBEBCE— CoDtiniied. 

lilHIHO  iHDUBTBIKft— 

ancient  mines- 
methods  of  working,  pxooeaBesii  appUanoes,  etc— 

treatment  of  oree 3S 

shafta 834,33S 

transportation  by  daves 334 

water,  carried  away  by  slaves 334 

storage  reservoirs 235 

conoentratins  apparatus 1 335 

smelting  famaces 135 

wood  imd  charcoal  nsed  in 335 

silver  refining S35 

abandoned  during  Poloponnesian  war 336 

worked  by  the  Romans 838 

amount  of  work  accomplished S6 

slavo  labor  employed 381, 831 

modem  enterprises 882;  839-383 

date  fh>m  mining  laws  of  1861 396;337 

obstacles  to— 

ignorance  of  the  Greek  people 337 

nii>acity  of  Greek  officials 337 

maladministration 339 

collapse  of  earlier  mining  companies 837 

intervention  of  foreign  governments 837 

improved  condition  of  the  indnstry 337-839 

prodncts— 

calamine 838 

iron 839 

lead 838 

ore-dressing  establishments 338 

smelting  works 838 

deaUverized  in  England 209tmdiut$ 

lignite 839 

sulphur 839 

zinc 809.839 

production  and  ccmsumption— 

adamite 834 

araenio 838 

coal 839 

lignite 337,839 

calamine 838 

chromium 837 

copper 333, 337, 338, 339 

galena 333,334 

gold 838 

iron 337,888,839 

pyrites 833 

lead 1 .  .172  note,  2o&  and  note,  223, 333, 335,33(^887,338 

litharge 335 

manganese 337 

nickel 338 

pyrites 333 

silver 333,335^838 

sulphur 337,338^339 

sine 309,330.334-338 

exports- 
iron — 

to  Great  Britain 839 

lead — 

to  Great  Britain 209.213,223 

zinc- 
to  Belgium 888 

Great  Britein w 888 

Imports— 

ooal  and  ccike— 

from  Great  Britain 839 
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Page. 
Greenliuid  (fM  Denmark:  colonies). 
Grefveo&s  (Norway) — 

monomenta]  granite -p^ 288 

Grerenberg  (Germany)— 
chemical  industry — 

soda 4(^47 

GrofauB,  F.  A.  (Vienna,  Austria),  bougies,  pessaries,  etc.,  of  gelatine 108, 109 

Groot  (see  De  Groot). 

Grilneberg  Se.  Forster,  soda-manufacturing  process 51 

Guarda,  Lago  dL  (Italy) — 
mining  industry — 

dolomite 94 

Guadeloupe  («es  France:  colonies). 
GFATEMALA— 

Cbjemistby  and  Phaiuiagt— 

exhibit _ 97,164 

products— 

alum 97 

ambrotte 154 

beeswax 164 

cacao #      164 

caoutchouc  wax 164 

cascaiilla 164 

castor  oil,  illuminating 164 

medicinal 164 

cochineal 154 

cocoa-nut  oil 1 64 

copal 164 

oopalche  bark 164 

corozooil 164 

divi-divl 164 

guaco 154 

gums 154 

indigo 154 

lead,w]iite   97 

llquidambar  resin 164 

saltpeter 97 

aarsaparilla 164 

suet,  vegetable 164 

vanilla 164 

Ghiiana,  British  ($ee  Great  Britain :  colonies). 
Gniana,  Dntch  (iee  Netherlands :  colonies). 
Guiana,  French  («m France:  colonies). 
GuipozooOt  province  of  (Spain) — 
mining  industry— 

lignite : - 814 

Gnlgong  <New  South  Wales,  Australia)— 
mining  industry- 
coal  dei>osits  229 

gold  deposits 229 

Gunpowder  («es  Mining;  explosives). 

Gnyot-Lupoid,  A.  (Ecreuses-Locle,  Switzerland),  diamantino,  powder  of  rubies,  artificial  black 

diamonds  for  drilling  rock 166 

Haannann  (Berlin,  Germany),  investigation  of  coniferin,  process  of  making  artificial  vanilla ...  70 

Haas  tc  Bosenfeld  (Gaya,  Moravia,  Austria),  essences,  essential  oils 110, 120 

experiments  with  bisulphide  of  carbon 110 

use  of  artificial  vanillins 120 

Hagemann  &  JSrgensen  (Copenhagen,  Denmark),  soda  from  cryolite 77 

Hagstoz  ^  Thorpe  (Philadelphia,Pa.),  exhibit  of  watch  cases 405 

bronze  medal  awarded 405 

Hague,  The  (Netherlands)— 

chemical  industry 140 

qninetnm 139,140 

Hague,  Jambs  D.,  Additional  Commissioner— 

Bbfobt  on  **Minimo  Ijcdubtbibb*' .^^ ^ .1^ 103-362 
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TTahn,  n.,  method  of  obtaining  bromine ~.... 55 

Hainaat  (Celgiom) — 
mining  indnstry — 

coal 274 

Halo^Parshall  (Lyons,  N.  Y.),  easentialoila 19 

Hall,  Julius  (London,  England),  machine  for  milling  sqoare  holes  in  wood  or  metal 396, 397 

Hammam  (Constantine,  Algeria) — 
mining  indnstry — 

calamine 28T 

Hanart-Jonas,  E.  A.  ( Anzin,  France),  oil  of  peppermint 116 

Hance  Bros.  ^  White  (Philadelphia,  Pa. ),  general  chemicals,  camphor,  berberine 99, 100 

phai-maceutical  preparations,  extracts,  sugar*coated 

pills 157,1M 

mono-bromide  of  camphor,  nitrate  of  unyl,  etc 161 

Hardy,  Dr.  (Paris,  France)— 

investigation  of  poisonous  properties  of  crvthrophleine  from  sassy  bark  of  West  Africa IK 

bark  of  the  ics^a 125 

Hargrcavcs,  K  H.,  pioneer  gold  miner  in  Australia 28 

Hargrcaves  6c  Robinson  (Widnes,  England),  process  of  manufacturing  sulphate  of  soda 32,34,35,16^ 

38,45^89,90 

apparatus  for,  exhibited 90 

Haro  (Spain)— 

chemical  industry — 

cream  of  tartar 96 

Harrison  (England),  ammonia-soda,  manufacturing  process 44 

Hartogh&Co  (Amsterdam,  Netherlands),  bisnlphate of  CM'bon 92 

Hasendever  &.  Helbig  (StoUberg,  Germany)— 

furnace  for  burning  pyrites  12 

utilizing  sulphur  in  zinc  blende IS 

process  of  manufacturing  chlorine 54 

Hathom,  Davis,  Sc  Davey  (Leeds,  England),  differential  compound  pumping  engines 384 

Hauthaway,  C.  L.,  &  Sons  (Boston,  Mass. ),  blacking  and  leather  dressing 160 

Hantmont  (lYunce) — 
chemical  industry — 

acid,  hydrochloric W 

sulphuric 80 

chloride  of  lime 80 

phosphates 81 

soda 80 

sulphur 89 

superphosphates 80 

Hay,  Sir  Hector  (England),  estimate  of  British  silver  production tlO 

HAYTI— 

CUEUISTUY  AND  PHABMACT— 

exhibit 155 

products— 

annotto 156 

beeswax 155 

cinchona 155 

curcuma 155 

orange  peel IK 

tree  bark 155 

palma  christi  oil  (illuminating) 155 

rhubarb 155 

saffron 155 

vitlvert 155 

Heilmaun,  Dr.  (Rouen,  France),  theory  of  use  of  thao  as  dressing  for  textile  fabrics 127 

Helain  &  Co.  (Paris,  France),  assorted  drugs 118 

Hemming  (England),  nromonia-soda  manufacturing  pi'ocess 44 

Henderson  (England),  copper  extraction  from  pyritr-s 2W 

Henningor,  Dr.  (Paris,  France),  investigations  and  theory  of  peptones 122, 123 

Hcnrickscn,  J.  H.  (Tromsd,  Norway),  cod-liver  oil. 146 

Herland,  process  of  extracting  salts  from  kelp 29^  56 

Hermann-Lacbapelle,  J.  (Paris,  France),  horizontal  compound  condenaisg  •team-enj;ine 37S-380 

perspective  view 8T9* 
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Hemal  (Lower  Austrift) — 

railway  apparatus  manufiftctui'ed — 

freight  cars 428 

passenger  oars  428 

Uewett,  method  of  regenerating  solphar  from  soda  waste 43 

Hodgson  (London,  England),  designer  cf  railway  signaling  system,  manufactured  by  Saxby  & 

Farmer,  London 468 

Hoffmann,  C.  (Paris,  France),  general  chemicals,  bismnth,  glucose,  dambonite,  mannite,  leucine, 

tyrosine,  erythrite,  alizarine,  etc 118,110 

export  tannin  to  Russia 110 

alkaloids,  synthetical  organic  products 110 

Hoftnan  (Germany),  circular  kiln  for  burning  pyrites 10 

improvement  of  Malctra's  Pcrrct  furnace 12 

TTftfVnaim,  A.  W.  (Berlin,  Germany),  report  on  chemical  industries  at  London  Exhibition,  1862.  29 

description  of  extraction  of  potassium  salts  from  suint  of  raw  wool 29 

chlorine  manufacturing  process 53 

Hoflnaon,  P.  W,  (Lndwigshofen,  Germany),  experiments  on  residues  of  Meggen  pyrites 15 

Hog&nfts  (Sweden)— 
mining  industry — 

coal 263 

Hoisting  machinery  (im  Machinery :  mining). 
Holland  (see  Netherlands). 
Holoubkau  (Bohemia,  Austria) — 

rsdlway  apparatus  manufactured— 

freight  cars 428 

passenger  cars  428 

Honigmann,  Moritz  (Grevenberg,  Germany),  ammonia>soda. manufacture 46, 47 

Hops  («ee  Agriculture;  alto.  Chemistry:  products). 

Horn  (Sweden),  peat- working  machine  264 

Horology  (tee  Clocks  and  Watches). 

Horowitz  (M.)  &,  Co.  (Brunn  and  Vii-nna,  Austria),  essential  oils,  ether,  tinctures,  malt 110 

Hotchkisa,  H.  G.  (Lyons,  N.  Y.),  oil  of  iieppermint 159 

Hotchkiss,  L.  B.  (Phelps,  N.  Y.),  oil  of  peppermint 159 

Uottot  &  Co.  (Paris,  Franco),  pepsin 121 

Houghton,  E.  F.  (Philadelphia,  Pa.),  cosmoline  from  petroleum 161 

cosmolubric,  lubricant  and  anti-inorustator 162 

HouiUe,  coal  so  called  in  Belgium  after  its  discoverer  (Hullos,  1108)  276 

Houssois  (Belgium)— 
mining  imlubtry — 

iron  279 

Howard,  assinted  in  introducing  cinchona  cultivation  in  India 137 

Hoyt  (J.B)  &Co.  (New  York  City),  leather  belting 401 

Hrastning  (Austria) — 
chemical  industry — 

soda — — 73 

Hmschau  (Silesia,  Austria)— 
chemical  industry — 

sulphuric  acid — ..~ -...*...., 73 

Hudson  Bay  («es  Great  Britain:  colonies:  Canada). 
Huelva  (Spain) — 

mining  industry — 

copper 813,314 

HuUos,  discovered  coal  in  Belgium  (1198) 276 

Hungarian  State  Railways,  locomotive 441,442 

iUustration 442* 

Hungary  (see  Austria-Hungary). 

Hunt,  R.,  his  '*  Mineral  Statistics  of  the  United  Kingdom  "  (annual  seiies)  cited.  .196, 198  note,  200  and 

note,  203  and  noU,  204  and  note,  205, 207, 208, 210  and  note,  211. 212, 213, 214, 218  noU,  344 

Hurlet  &  Campsie  Alum  Company  (Glasgow,  Scotland),  prussiate  of  potash —  91 

Hurter,  writings  on  Glover's  Tower 17,18 

bleaching  powder 44 

Hurtt  ( F.  W. )  &  Bros.  (New  York  City),  chemicals,  perfumes,  toilet  articles 160 

Hussowitz  (Moravia,  Austria) — 
chemical  industry- 
essential  oils «.«.....  ..^.^M «. 110 
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Hatinet,  D.  (Paris,  France),  six-color  printing  machine 93 

Hatter,  Alfred  (Montpellicr,  France) ,  method  of  preparing  siilphate  of  alamininm 68 

Hatter  (Alfred)  &  Co.  (Montpellier,  France),  aolphate  of  alaminiam  prepared  from  bMudte  by 

Hatter's  method 81 

Hay  (Belgium)— 
mining  industry- 
coal 276 

iron Sn 

Hydraulic  Engineertng  Company  (Chester.  England),  hydnuxlio  machinery M 

lakoutsk.  Government  of  (Siberia,  Kossia) — 
mining  industry- 
gold m 

iron 257 

Ice  made  by  sulphurous  anhydride  (Pictet's  process) 25 

Idaho  ($e»  United  States). 
Idria  (Camiola,  Austria) — 

geological  formation 901,804 

mining  industry 801-304 

cinnabar 302,804 

discoverd  eire.  1490 v  901 

method  of  mining 30! 

extracting  qoicksilver 302,303 

furnaces    303 

annual  production 302,303,304 

vermilion  manufactured  ftom 304 

operatives,  provisions  for  the  welfare  of 304 

I6nissd[sk,  (Tovemment  of  (Siberia,  Russia)— 
mining  industry — 

gold .- 243 

iron 257 

Igl6sias  District  (Sardinia,  Italy)— 
mining  industry-— 

calamine 287 

Illinois  (tee  United  Sutes). 

"Illustrated  London  News"  (English  Jooinal)  printed  in  the  Exposition 388 

Imhof,  Louis  ( Aarau,  Switzerland;,  coloiing  materials  for  confectionery 156 

Imperial  Eotanical  Garden,  Saint  Petersburg  (Russia),  vegetable  pharmaceutioal  productions. .        150 

Imperial  Department  of  Agriculture  ( Vienna,  Austria) ,  uranium  salts 75 

Imperial  Dupartment  of  Mines  (Vienna,  Austria),  mercury,  cinnabar,  salts  of  uranium  and  of 

vanadium , 75 

lucardona,  Lorenzo  (Caltanissetta^  Italy),  pharmaceutical  preparations,  quinine,  magneaia 142 

InilLi  («S0  Great  Britain :  colonies).  * 

ludiau  possessions,  French  (tee  France :  colonies). 
Indian  Territory  (see  United  States). 
Indiana  (gee  United  States). 

* '  Industrial  Progress  of  New  South  Wales  *'  (governmental  publication)  cited 238 

IngersoU  boring  apparatus  for  prospecting  for  ores 2CS 

Ingram,  W.  J.  (England),  inventor  of  continuous  rotary  printing  press,  used  in  printing  "The 

Illustrated  London  News  "in  the  Exposition 383 

Interchangeable  parts  of  rifles,  watches,  etc.,  produced  by  American  system  of  machine-manu- 
facture  408,409 

INTERNATIONAL  EXHIBITIONS— 

progressive  development  since  1851 3 

influence  ou  chemical  industry 31,4 

products,  prices 3,4 

quality 3,4 

novelties 4 

machine-manufacture  of  watches 414,415 

need  of  intelligent  custodians  of  exhibits 6^7 

dreaded  by  some  manufacturers  as  productive  of  competition 194,196 

OF  Paris,  1855— 

chemical  exhibit- 
platinum  apparatus  99 
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rSBKATIONAL  EXHIBITIONS- 
OF  London,  1882— 
clieinical  exhibit — 

reiMrton,  by  A.  W.  Hofnuum,  referred  to 29 

platinum  apparatus 65,66 

OF  Pabis,  1867— 

hoDOTable  mention  made  of  employers  proTiding  for  the  weUue  of  their  operatives ...  286 
OF  YONNA,  1873— 
chemical  exhibit— 

Solvay's  ammonia-soda  process 44 

alizarine 100 

OF  Philadelphia  (Centennial),  1876— 

chemical  exhibit  of  the  United  States  at 8 

printing  machinery  exhibited  at 302 

watch  mannfactnre  by  machinery,  exhibit  by  the  American  Watch  Company 406 

tests  of  watches  exhibited 412 

American  Watch  Company,  increase  of  sales  following  tho  Exhibition 414 

report  of  the  jadges  on  maohine-mannfafitnre  of  watches,  referred  to 409 

watch  exhibit  of  France 406 

Switzerland 406,410,412 

raflway  signals,  exhibit  of 468 

OF  Paxib,  187S— 

superior  to  its  predecessors 3 

olassiflcation  of  exhibits  {tee  Classification). 

Chemical  and  Pharmaceutical  Pbocbmbb  and  Prepasationb,  general  report  oh,  by 

Thomas  E.  Jenkins,  M.  D 1-162 

chemical  and  pharmaceutical  exhibit,  extent  of 3-7 

Jury  upon,  list  of 6, 6 

work  of 4-7 

countries  exhibiting. 7 

awards,  by  countries 7 

Clocks  and  Watches,  general  report  on,  by  Edward  H.  Enioht,  LL.  D 403-415 

exhibitors  from  the  United  States 405 

awards  to  .  406 

Machinss  AND  Machine  Tools,  general  report  on,  by  William  T.  Porter 889-402 

little  novelty  in  the  exhibit 391,402 

printing  machinery  operated  in  British  section 393 

Mining  Industries,  general  report  on,  by  Jambs  D.  Hague 163-361 

Railway  Apparatus,  general  report  on,  by  William  A.  Anderson 417-469 

Steam  AND  Gas  Engines,  general  rei>ort  on,  by  Andrew  J.  Sweenet 363-387 

engine  of  Jerome  Wheelock,  Worcester,  Mass.,  operated  machinery  of  American, 

Korwegian,  and  S  wedisb  sections 369 

inadequate  representation  of  United  States 7, 8, 391, 468, 469 

caused  by  tardy  action  of  Congress 7 

insufficient  appropriation  by  Congress 8 

illlberality  of  some  British  exhibitors 194 

•  jury  of  recompenses,  composition  of ^ 5 

arduous  work  imposed  upon 4-7 

buildings  of— 

great  number  of  annexes  and  outbuildings 4 

Plctet  Ice  Company 26 

Algerian  pavilion,  cork-cutting  exhibit 113 

chemical  exhibit 125 

mineral- water  pavilion 114 

Galerie  de  la  Bourdonnaye,  steel  exhibit,  railway  material 420,425 

Schneider  &  Co.'s  pavilion,  iron  and  steel  products  exhibited 434 

OF  Melbourne,  1880— 

information  hoped  for  as  to  Australian  mining  industry 226 

ine  (iee  Chemistry). 

discovered  in  France 55 

first  manufacture  from  seaweed  (1829)  in  Conqnet,  Flnisterre,  France 81 

'a  {iee  United  States), 
wich  (England)— 
machinery  manufacture— 
forestry— 

tree-felUng  engines.     - ,^ - 388",  886 
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Pige. 
Ireland,  Irish  {see  Great  Britftin). 
Iridiam  {see  Metal-working ;  cUfo,  Mining). 
Iridosomine  (see  Mining). 
Iron  («M  Chemistry ;  also.  Metal- working;  oZto,  Mining). 

Isdahl  &  Co.  (Bergen,  Norway),  cod-lirer  oil 146 

ITALY  (see,  also,  Altariasa^  Genoa,  Peragl% 

Aosta  Valley,  Ghedi,  Penro, 

Assora,  Girgenti,  Pisa, 

Bergamo,  Gaarda,  Planedda, 

Bologna,  Igl^sias,  Plana-Sartu, 

Baggerm,  Leghorn,  lUmini, 

Caltaniasetta,  Ligmien,  Bio, 

Carrara,  Malfidano,  Boccatederighi, 

Castro  Caro,  ^iessina,  Satnioe, 

Catania,  Milan,  Tatti, 

Cesena,  Montebamboll,  Tofo, 

Civita  Yecohia,  Monte-Reado,  Turin, 

Como,  Murlo,  Udine, 

Flume,  Naples,  Verona, 

Florence,  Novara,  Vicenza, 

Genua  Arenas,  Pavio,  Vnloano  Island)— 

Chrmistbt  akd  Pharmacy— 

exhibit,  chemical O^M 

pharmaceutical 141,143 

exhibitors,  number  of 7 

awards,  number  of 7 

condition  of  the  industry 82,141 

crippled  by  want  of  fuel 92 

manufactures- 
alum  -  •         K 

castor  oil Ifi 

cream  of  tartar,  tartaric  uciil tt 

essential  oils 148 

magnesia,  carbonate W 

quinine 141.142,141 

varied  preparations  of 141 

soda «,« 

sulphur 82,88 

production  and  consumption — 

boraoio  acid 5i,82,M 

carbon,  bisulphide 18 

castor  oil 142 

giobertito  W 

iron,  sulphate •* 

lemon  juico 142 

licorice  extract Itt 

magnesia,  sulphate W 

manna  Ifi 

olive  oU ...;  .       M2 

pjrritos ...      8,M 

quinine 142,143 

sulphur 92,88 

sulphuric  acid W 

fuel  used  in  manufacture- 
coal  (deposits  wanting)  92,9* 

products,  by-products,  materinls  • 
acids — 

boracio 59Le(».9aM 

carbonic 94 

citric 141 

hydrochloric 98 

isobutyl-formic 148 

methyl-ethyl-acctie 143 

nitric O 

pentj^Uc 143 
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ClOBTRT  AND  PHABMACT— 

prodnoU,  by-prodncts,  materfftia 
acids— 

qninto 143 

qoinonio 148 

snlphurio 02,03,94 

tartaiio 02 

trimethyl-acetic 143 

valerianic 143 

alcohol,  amylio 143 

alum 02,04 

alumina,  aolphate 04 

ammonia,  sulphate 04 

ammonium,  chloride 50 

anisate 143 

aaparagine 142 

barium,  citrate 141 

bergamot,  oil  of 142 

borocic  acid 60, 60, 02, 04 

caffeine,  borato 142 

carbon,  bisulphide 03 

carbonic  acid 04 

castor  oil 142 

cinchonicino 143 

cinchonidiuo 143 

bibroroatcd 143 

cinchonine 143 

bibromated 143 

oinchoteneiue 143 

citric  acid 141 

giobertite 04 

hydrochloric  acid 93 

iodino 04 

iron,  acetate 04 

oxide 04 

preparations  of,  for  paint 08 

sulphate 04 

isobutylformic  acid 143 

lemon  juice 141,142 

oilof .   142 

licorice,  extract 142 

lime,  carbonate 04 

hydrate 04 

magnesia 03 

bicarbonate 04 

carbonate 04 

citrate 142 

hydrate 04 

hydrocarbonate 04 

sulphate 04 

manna 142 

mannite • 142 

methyl-ethyl-acetic  acid 143 

mineral  waters 04 

naphthaline 142 

nitric  acid 03 

oil,  castor 142 

cod -liver 148 

essential 142 

bergamot 142 

lemon 142 

orange 142 

olivo 93  142 

pentylic  acid 143 
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ITALY— Continued. 

Chbmistut  and  Phabicaot— 

prodacts,  by-products,  materials— 

potaahf  bioarbonate Si 

pyrites 9,82,94 

qoinic  acid 14J 

qoinioine 143 

qninidine 143 

qninine 142,143 

anethol 143 

bisulpbate 142 

bromated 143 

chloro-phenate 143 

citrate 141 

dihydroxyl 143 

ferrocyanide Itt 

pbenol-hydroohlorate 143 

sulphate 143 

sulphonate 143 

salts 142,143 

sulphate 141.142 

sulpho-phenate 143 

Talerianate 141,143 

quinonic  acid 143 

silicates,  soluble 94 

soda 93 

bicarbonate 93 

sulphate , 93,94 

sulphur 43,60,74. 79, 92, 93, 91, 97,98 

sulphuric  acid 02,93,94 

superphosphates 94 

tartar,  cream  of 92, 142 

tartaric  acid 92 

trimethyl-acetic  acid 143 

valerian 143 

valeiianio  add 148 

operatives — 

number  employed ..^ 92,93,99 

extracting  sulphur 92,99 

magnesia 94 

boracicacid 94 

castor  oil 142 

fuel  wanting 9S 

used  in  manufacture- 
coal 94 

exports — 

castor  oil lA 

lemon  Juice 142 

licorice  extract ; Ifl 

maxma 112 

olive  oil 142 

imports— 

castor'Oil  beans — 

from  Asia  Minor 142 

India 1^ 

cod-liver  oil — 

from  Norway 148 

licorice Itt 

sulphuric  acid 98 

frt>m  France 92 

Clocks  and  Watches— 

exhibit 405 

Forestry— 

eucalyptus  acclimatod  in 134 

dispelled  malaria  in  fever  districts.... 134 
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lLY — Continued. 

Macuiseut  (including  tools,  implements,  appliances,  processes)— 
chemical — 

magnesia  manufacture — 

kilns  fur  carbonizing  dolomite 94 

metal-working — 
sine— 

charcoal  shaf t-f umaoes 312 

MiKIXO  IKDUSTUIAS-- 

reporton 306-312 

exhibit 306 

inadequate  information  concerning 306 

crippled  by  want  of  ftiel 306 

copper 307 

fuel  supply 306,307,308 

charcoal  used  in  smelting 308,812 

coal 307,308 

anthracite 307 

bituminous 307 

lignite 307 

analysis  of 307 

location  of  deposits 307 

importation 177,225,307,308 

peat 307 

location  of  deposits 307 

production 307 

analysis  of 307 

Iron 306, 307, 308, 30» 

production 306,308,309 

manganiferous  pig,  for  Bessemer  steel 306 

mostly  exported 308, 309 

location  of  the  mines 308 

lead 307 

refining  works 307 

marble 306 

salt 306 

rock 306 

evaporated 306 

government  works 306 

revenue 306 

private  works 306 

production 306 

Einc 309-312,338 

reopening  of  ancient  mines 309 

geological  occurrence ^ 309, 810 

exploitation 310,311 

production 311 

ore-dressing  works 311 

analysis  of  ore 311,312 

roasting  in  charcoal  furnaces 312 

production  and  con&umption — 

calamine 809,310,338 

cerusite 309 

ooal 177,307,308 

anthracite,  wanting 306,307 

bituminous 307 

lignite 307 

copper 175,222,306,307 

galena 309 

iron 3#6,307,308 

ore ^r 176,308 

pig... 806 

wrought 306 

lead Ura  note,  209  noto,  213, 223, 306, 307 

manganese 806 

38  P  R VOL  4 
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Plge. 
ITALY— Continued. 
Mining  Industries— 

production  and  consumption- 

peat 307 

pyrites 9,94,523 

salt 206 

sulphur 306 

zinc 224,306,309^12,338 

exports 306 

coal 308 

to  Russia 261 

copper 306 

toFrance 175 

iron 806,308,309 

toFrance 176,309 

Russia 261 

United  States 309 

lead 306 

to  Great  Britain 213,221 

manganese 306 

salt — 

to  Russia '. 281 

sulphur 306 

zinc 306 

to  Great  Britain "   224 

imports — 

coal 307,308 

frm  France 177 

Great  Britain 225,308 

copper — 

from  Great  Britain 22! 

iron 307,308 

Railway  Apparatus— 

exhibit 419,423 

passenger  cars 445 

PROVINCES— 
CALABRIA— 

CHKMISTBr  AND  PHARMACY— 

manna 142 

ELBA- 
MINING  Industries— 

iron 308 

production 308 

mined  anciently  by  the  Etruscans 308 

liomaus  308 

PIEDMONT- 
MINING  Industries— 

anthracite  coal,  unimportant 307 

iron 306 

SARDINIA- 
MINING  Industries— 

iron 308 

lead 175 

lignite 307 

zinc 206,  214  and  note,  287, 30d-312, 338 

exported  to  Great  Britain 206, 214*  287 

Belgium 287 

ancient  mines  reopened S09 

production 311 

pamphlet  upon,  referred  to 306 

SICILY— 

Chemistry  and  Pharmacy— 
manufactures — 

quinine 141 

sulphur 93 
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Page 
^LY-<:ontinned. 
PROVINCES— 
SICILY— 

Chejostrt  Aim  Phabmact— 
materials— 

manna 142 

sulphur 9,207 

imitated  in  regeneration  from  soda  waste 43 

replaced  by  pyrites,  in  Italy 94 

Great  Britain 207 

Switzerland 97 

natural  deposits  in  United  States 98 

expoits— 

manna 142 

sulphur  to  Austria 74 

France 79 

United  States 9,98 

Mining  Industries— 

coal,  unimportant 307 

sulphur 207 

duty  imposed  on  export  by  Ferdinand  II  caused  sulphuric  acid  manufac- 
ture from  pyrites  in  Great  Britain 207 

TUSCANY— 

Chemistet  and  Phaumact— 
materials — 

boracicacid 59,94 

manufactures — 

boraci<  acid 02,94 

Mining  Ixdustuies— 

copper 306 

lignite 306 

VENETIA— 

Chemistry  and  Pharmacy— 

castoroil 142 

kson  &  Bro.  (Bolton,  England),  moliling  and  geai-cuttin;;  machines,  dividing  apparatus 307 

obsen  (J.  N.)  Sc  Co.  (Fredriksstad,  Norway),  oxalic  at-itl  from  sawdust 95 

oby,  his  '*Rus9landM,  Australiens,  und  Califomiens  Gold-Produktion,''  etc.,  cited 345, 349 

laica  (te€  Great  Britain:  colonies). 
PAN  («M,  alio,  Eochi,  Miyo,  Tokio). 
Chbmistbt  and  Pharmacy— 

exhibit 144,145 

exhibitors,  number  of 7 

awardSi  number  of 7 

condition  of  the  industry 144 

products — 

beeswax 145 

coloring  materials 145 

indigo 145 

opium 145 

seaweeds,  gelose-yielding 145 

thao 145 

properties  of 127, 145 

HiNiNO  Industries— 

.    collection  exhibited  by  Bureau  of  Mines,  Ministry  of  Public  Works 145 

agates 145 

amber 145 

calc-spar 145 

cobalt 145 

copper  ore 145 

galena 145 

garnets 146 

gold 145 

gi-aphite 145 

hematite. 145 
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P»ge. 
JAPAN— Continaed. 

MmiNO  INDUBTBIEA— 

collectioii  exhibited  by  Bareaa  of  Miues,  Ministry  of  Public  Work»— 

iron  pyritea 145 

jasper Itf 

kaolin 145 

lignite 145 

magnetite 145 

mercury 145 

pyroluaite 145 

quartz 145 

rock-crystal 145 

silrer 145 

sulphur 145 

tin 145 

imports — 

gold  and  silver  from  United  States ISO 

Jasper  (tes  Mining). 

Java  {tee  Netherlands:  colonies). 

Jemapes  (Belgium) — 

machinery  manufacture— 

winding-engines  for  mines 378, 377 

Jenkins,  Thomas  £. ,  M.  D.  ,  Additional  Commissioner,  member  of  the  Jury,  Class  47 5 

RKFOBT  on  ''CHSMICAL  AMD  PUABMACBUTICAL  PR0CS88BB  AND  PBBPABATIONS  " 1-163 

death  of,  before  publication  of  his  report S 

Jennings,  Thomas  (Cork,  Ireland),  magnesia 91 

Jenny,  professor  in  Polytechnic  School  of  Vienna  (Austria),  tests  of  locomotlYe  boiler  plates. .       441 

Jetzler,  C.  (Sc-ha£f hausen,  Switzerland),  chlorine-manufacturing  process 53 

method  of  regenerating  oxide  of  manganese 97,151 

appartftns  for,  exhibited 158 

Joachimsthal  (Bohemia,  Austria) — 
mining  industry — 

early,  in  16th  century 300,  SOI 

coinage  of  first  silver  crowns  (JoaehirMthalar^thaler^doUar)  in  1518 300 

products- 
bismuth  300,901 

cobalt    300,301 

nickel 300,301 

silver 300,301 

uranium 300^301 

vanadates 301 

geological  formation W 

JohuBon,  Matthey,  Sc  Co.  (Lendon,  England),  apparatus  for  distilling  sulphuric  acid.  20, 21, 25, 64, 65^  06,81 
manufacture  of— 

aluminium 66,<r7,K» 

copper « 

gold M 

iridium 65^66,67,89,91 

iron 68,87 

osmium 65,66,67,89,91 

palladium 65,66,67.68,91 

platinum 25,64-68,90,91 

rhodium 65,86,09 

ruthenium 65,66,69,91 

silver 86 

exhibit  at  Exposition  of  1878 64-60,90.91 

London  Exhibitions  of  1861  and '62 66^81 

Paris  Exposition  of  1855 86 

Johnssen,  C.  (Christiansund,  Norway),  cod-Iivtr  oil 148 

Jolly,  L.  (Paris,  France),  phosphates  of  iron 121 

writings  on  iron  in  the  blood 121 

Jones,  John  P.,  United  States  Senator  from  Nevada,  chairman  of  Silver  Commlasion   3SB 

estimate  of  bullion  yield  in  Western  States 359 

Jones  4&  Walsh  (England),  ftimace  for  manufacturing  sulphate  of  soda 33,84 

process  of  condensing  hydrochloric  add 4 36 
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Jordan,  C.  (Trondl^ein,  Norway),  cod-Uver  oil 146 

Jomaox,  J.  (Paris,  Prance),  mannfftotnrer  of  Isidore  Deloambre's  type-composing  maohine  ...         393 
Julian  (France),  method  of  preparing  nitric  acid  by  electricity 27 

Kalk  (Westphalia,  Germany)— 
chemical  industry — 

ammonia  salts  from  gas  water 40 

soda 49 

Kalmar  (Sweden) — 
chemical  industry — 

products  of  the  distillation  of  wood  exhibited  by  the  Agricoltoral  School  of  Applemm— 

charcoal 152 

creosote  oil 152 

tar 152 

tanning  material 1 52 

turpentine 152 

vinegar 152 

Kalonga,  Government  of  (European  Bussia)— 
mining  industry- 
iron 25« 

Kalnsz  (Galida,  Austria)— 
chemical  industry^ 

chloride  of  potassium 28 

Kansas  (tee  XJnited  States). 

Karimou  («m  Netheiiands:  East  India  Colonies). 

Karpinsld,y.  (Warsaw,  Russia),  pharmaceutical  products 150 

Kaaan  (Russia) — 

chemical  industry- 
soda  46 

Kasbhi  (Persia)— 

wines 151 

Kasnan  (Austria)— 
chemical  industry — 

sulphuric  acid ^.  73 

Eassarouta  (tee  Netherlands:  Sast  India  Colonies). 

Kastenbein,  Charles  (Paris,  France),  type-composing  and  distributing  machines 393 

Katsoukoura,  Y.  (Tokio,  Japan) ,  indigo 145 

Kef-Onm-Theboul  (Constantino,  Algeria) — 

lead  mines 180 

Keith  (B.)  4&  Co.  (New  York  City),  oil  of  erigeron 159 

Keltze,  Department  of  (Poland,  Russia)— 
mining  industry — 

iron 257 

sulphur 259 

refinery 259 

Kentucky  (tee  United  States). 
Kerhuon  (Finistdre,  France) — 
chemical  industry — 

bromine 82 

iodine 82 

potash 82 

varech 82 

Keljen  Sc  Co.  (Amsterdam,  Netherlands),  sulphuric,  nitric,  hydrochloric  acid,  sulphates  of  soda 

and  iron 92 

Eharisar  (Constantino,  Algeria)— 

iron  mines 189 

Kientsy  Bros.  (Paris,  France),  paper-working  machinery 392 

Kiev,  Government  of  (European  Russia) — 
mining  industry — 

coal 258 

Kiev-Elisabethgrad  (European  Russia)—  ' 

raining  industry — 

lignite 258 

Kilbum  (London,  England) — 

raUway  apparatus  manufactured^ 

signaling  systems 467,4(>8 
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Kilo  (=2.205  pounds),  definition  of 171 

Kilojieter  (=2.6  miles)  definition  of 171 

Kingzett,  investigation  of  the  properties  of  the  encalyptus 134 

Kirby  (H.T.)  &  Co.  (London,  England),  pills,  lozenges 130 

Kirgbese  District  (»ee  Russia). 
Eladno-Schlan-Rakonitz  (Bohemia,  Austria) — 

coal  deposits 2M,437 

bad  quality  of,  necessitates  mixture  with  other  coals 437,438,439 

special  form  of  fire-box  on  locomotivefl 437.439 

yields  bad  coke 438 

Klein  (Austria),  spark-arrester  for  locomotives 441 

Klepetar  <F.)  &  Co.  (Brunn,  Austria),  essential  oils,  fruit  essences IW 

Kletzinski  (Vienna,  Austria),  theory  of  mugho.pine  essence  as  a  disinfectant,  antiseptic,  etc . . .       110 
Kleva  (Jonk  oping,  Sweden) — 
mining  industry — 

nickel 26 

Knight,  Dr.  Edwakd  H.,  Honorary  Commissioner— 

Report  on  "Clocks  and  Watches" 403-415 

report  on  "Watch-making  Machinery  ",  ns  chairman  of  Group  XXII,  Judges  at  Centennial 

Exhibition,  referred  to 409 

K6-bou-K6zan-Eliskou,  of  the  Bureau  of  Mines,  Ministry  of  Public  Works,  Japan,  collection  of 

minerals 145 

Koch,  Dr.  (Basle,  Switzerland),  process  of  manufacturing  alizarine  blue 105 

Koch  <&  Reis  (Anvers,  Belgium),  sulphur 76 

Kochi  (Japan)  — 

chqmical  industry — 

Indigo .   145 

Koechlin  &,  'Pmd'homme  (Mnlhouse,  Alsace,  Germany),  report  on  properties  of  alizarine  blao 

quoted 106-108 

Kohlrausch,  method  of  manufacturing  superphosphates 56, 57 

Kolb,  J.  (Loos,  France),  theory  of  the  reaction  in  manu&cture  of  superphosphates SA 

Koller,  L.  (Brunn,  Austria),  tartaric  acid,  etc 75 

Kongsberg  (Norway)— 
mining — 

copper  from  pyrites 271 

silver 270.271 

containing  mercury 270 

Koping  (Sweden)— 
chemical  industry — 

albumen  from  eggs 152 

Kopp,  E.  (Zurich,  Switzerland),  process  of  mannfactaring  crude  soda 38 

Kopparberg  (Sweden) — 
mining  industrj' — 

zinc  blende 265 

Konban  (Caucasus,  Russia) — 
mining  industry — 

coal 258 

Kouldja,  Government  of  (Turkestan,  Russia)— 
mining  industry — 

coal 25* 

Koutais  (Caucasus,  Russia) — 
Tiining  industry — 

coal 258 

Krai,  F.  J.  (Olmntz,  Moravia,  Austria),  metallic  saccharates  and  soaps 109 

Kralup  (Bohemia,  Austria) — 

chemical  industry 7 

barium 74 

hydrochloric  acid 74 

nitric  acid 7* 

potash "4 

soda '  

sulphuric  acid 73,74 

superphosphates 74 

Krausshaar,  method  of  rogoneratlng  sulphur  from  soda  waste 43 

Kroeber,  F.  (New  York  City),  exhibit  of  clocks 405 


4 


4 


INDEX.  599 

Page. 

SJroeber,  F.  (New  York  City),  receired  honorable  mention 405 

Krohn,  L.  Monrad  (Bergen,  Norway),  member  of  the  international  Jury  of  recompenses.  Class  47  5, 146 

account  of  the  cod-lishcry  of  Norway  and  manufacturo  of 

codUveroU 146-14» 

Krol  &,  Co.  (Z  woUe,  NetherUmda),  superphosphates,  sulphate  of  ammonia dJ 

Knhlman,F.  (Lille,  France),  method  of  manufacturing  nitric  acid 20 

director  of  chemical  works  at  Lille 80 

discoverer  of  coloring  matters  in  madder 80 

developed  baryta  industry 80 

Kuhn,  F.  (\Ioscow,  Russia),  chemical  protection  for  leather 150 

Kunheim  (Berlin,  Germany),  improvement  of  Malctra's  Ferret  pyrites  burner 12 

ammonia-soda  manufacturing  process 48 

Kuopio  (Finland,  Russia) — 
mining  industry — 

iron 257 

Lago  di  Guarda  (Italy) — 
mining  industry — 

dolomite M 

Li^os  (ses  Great  Britain:  colonies). 

Lagrera  &  Escales  (Fclanix,  Spain),  ether OG 

Lamia  (Greece) — 

chemical  industrj* — 

salt 91 

Laming,  method  of  re^ener.iting  sulphur  from  gas  works 10, 74 

ferro-cyanide  produced  from  previous  mixture 00 

Lamm,  Dr.  £.  (United  States) — 

inventor  of  the  flreless  locomotive  mode  by  the  Compai^ie  Continentalo  d'EzpIoitation 

des  Locomotives  sans  Foyers  (Paris,  France) 4C2-46G 

illustration  of  locomotive  and  car  465* 

Laneavevillc  (France) — 
chemical  industry — 

potash,  prussiate 87 

Langthome  Chemical  Works.  (Stratford,  England),  general  chemicals 91 

Lannoy  (£.),  Fils,  &,  Co.  (Brussels,  Belgium),  sulphate  of  alumina 76 

La  Plaine  (Switzerland) — 
chemical  industry — 

colors 156 

LAPLAND— 
Mdomg— 

copper 264 

Laur  (France),  his  "  Du  OUenunt  et  de  VExploitation  de  VOr  en  Oal\fomie  "  cited 345 

Lanrium  (Greece) — 

mining  industry 333-338 

adamino 334 

arsenic 338 

calamine 338 

copper 333,338 

galena 334,335 

lead 333,335,336,338 

nickel 338 

silver 333,335,336,338 

line 333,334,330 

ancient  workings 333,334,330 

archaeological  exhibits 339 

modem  work  ings   336-338 

interrupted  by  rapacity  of  the  government 337 

resumed 337,338 

book  on  ("LeXfattriitm"),  by  A.  Cordelia,  France  332 

Laatier  Fil«  (Grnsae,  France),  perfumes,  pomades 115,110 

Lead  («ee  Metal- working;  aiao.  Mining). 
Leal  (Esthonia,  Russia) — 
chemical  industry — 

oil  of  cumin — — 150 

Leblnnc,  process  of  manufacturing  soda 32,37-39,44,45 

Le  Chatelier,  connter-preflsure  apparatus,  for  locomotives    436, 439 
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Ledger,  aBsisted  in  traiiBplaiiting  cinchona  ooltiTation  Arom  Bolivia  to  India ^ . .       137 

Leeds  (England) 

chemical  industry — 

soda 44 

machinery  manofactare— 

steam-engines 384 

pumping 384 

traction 884 

Leeron,  Fabrique  de  Chrome  de  (Trondl\jem,  Norway),  bichromate  of  potassa 1& 

Lefebvre,  A.  (Corbehem,  France),  potash,  rubidium  extracted  from  beet-root  sugar  residues. .        83 
Leghorn  (Italy) — 

chemical  industry — 

soda 82,98 

boracicacid  94 

Lehmann,  Joseph  (Brunn,  Moravia,  Austria),  dried  herbs,  pharmaoeutical  preparations 109 

Leicester  (England)— 
chemical  industry — 

pills 1» 

Leira  (Portugal) — 
mining  industry — 

lignite 830 

Lengauer  (M.)  ^  Son  (Worsetz,  Hungary),  tartar,  tinctorial  substances 144 

Lenormond  (Saint  Louis,  Senegal),  vetUver v 124 

Leon,  Province  of  (Spain) — 
mining  industry — 

coal 314 

Leonard  &  Ellis  (New  York  City),  lubricating  oils 1« 

Lepehkine,  N.  (Moscow,  Russia),  mineral  acids,  sulphates,  salts 95 

Lerida  (Spain)-— 

chemical  industry — 

soda  ash 96 

Leroy.T.  (Paris,  France),  watches 407 

Leucade  (Greece) — 
chemical  industry- 
salt 91* 

Lhuillier,  L.  (Yienne,  France),  paper-working  machinery 392 

Lichtenberger,  G.  E. ,  api>aratus  for  concentrating  sulphuric  add 21 

Liobig,  Baron  Justus  von,  extract  of  beef 131 

Lidge  (Belgium) — 
mining  industry — 

coal 273, 274, 275, 27^ 

discovered  at  (1198) 27« 

Ligmien  (Italy) — 

lignite  deposits , 307 

Lille  (France)— 

chemical  industry — 

barium  salts 80 

baryta ID 

chloroform S8 

ether 88 

lead  salts 80 

potash  salts 80 

soda 80 

sulphuric  acid - 17 

superphosphates 80 

tannin 88 

Lime  Rock,  Conn.— 

railway  apparatus  manufactured — 

cast-iron  car- wheels 488 

Limousin,  S.  (Paris,  France),  amorphous  quinine 117 

Lipoid,  geological  investigatiOBS  in  Camiola,  Austria 301 

Litharge  (see  Mining). 

Lithgow  Valley  (New  South  Wales,  Australia)— 
miuiug  industry — 

coal 243 
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fconJ,  Oovemxnent  of  (Siberia,  Bnnia)— 

mining  indoitry — 

gold 249 

ooal 258 

eraidge,  ArchilMld,  Professor  of  Geology,  University  of  Sydney  (New  South  Wales),  inve«ti- 

fction  of  coal  deposits 242 

omotives  (m«  Railways). 

Toden  Islands  (Norway)— 

fishery- 
cod  146,147,148 

;rofio.  Province  of  (Spain) — 

mining  industry — 

lignite 314 

idon  (England)— 

chemical  industry— 

api»aratus  for 64-60,00,91 

aeids 

chrysophanic  (from  goa  powder) 129,130 

gelseminic 130 

snlphurio 20,64 

yalerianio 131 

Alkaline  bromides  129 

iodides 129 

aloin 129 

oadminm.  salts 129 

camphor 129 

capsaioine 129 

carbon,  solphide 89 

tetrachloride 89 

colohicia 130 

creosote 130 

crude  drugs 128 

curarine 130 

duboisia 130 

essential  oils 128,129 

extracts 130 

froit  essences 128 

gelatine  preparations 130 

hypophoephites 131 

Jujubes 130 

Uthia^  citrate 128 

mercury 129 

otokerit 72 

parafline 72 

perfumery 131 

pilocarpine,  salts 129,130 

pills 130 

potash,  citrate 128 

solpho-carbonate 89 

xaathate ..  89 

resins 128 

rubber  coloring  flBd  Tolcanising  material 89 

salts 128 

soap 131 

soda 60 

sulphur,  chloride. 89 

sulphuric  acid 20,04 

▼ermilion,  salts 129 

gas  works,  soda  contidned  in  the  waste  of 50 

machinery  manufacture- 
hydraulic  machines 398 

accumulators 398 

pumps 398 

riveters 398 


602  INDEX. 

London  (England) —  Vmb. 

machinery  monoiiEictai'o — 
metal- working — 

drills 896.397 

paper-working — 

printing  presseB 30 

type  composing  and  distribiiting 383 

steam-engines... 382,363* 

hoisting 384 

traction 384 

stone-working 808,399*,  400*,  401*,  402* 

machinery,  apparatus — 

chemical 64-41 

mining  industry^ — 

prices  in,  the  standard 198 

of  coal  216,217 

copper 216,217 

iron,  pig 216,217 

•  lead 216^217 

silver 216,217 

tin 216,217 

zinc ..  216,217 

railway  apparatus,  mannfaotured — 

signaling  systems 4^-468 

London  (Ontario,  Canada) — 

chemical  industry 112, 128 

London,  Brighton,  and  South  Coast  Hallway  Company  (England),  locomotive 445 

London  Exhibition  {see  International  Exhibitions). 
"London  Pharmaceutical  Journal  and  Transactions'* — 

on  "elegant  pharmacy"  quoted 115 

on  commerce  in  vanilla  from  Keunion  Island 126 

Long  Island  City,  N.  Y.— 
chemical  industry — 

acetate)  of  lead    100 

Longmaid  (England),  copper  extraction  from  pyrites 207 

Loret  (Sedan,  France),  vegetable  extract* 117 

Louis  XVI  of  France,  mining  industry  under 174 

Louisiana  {see  United  States). 
Louisville,  Ky. — 

machinery  manufacturo— 

molding  machines  for  foundries ^ 397,396 

Low,  Moritz  (Hussowitz,  Austria),  essential  oils UO 

Lowe  (Charles)  Sc  Co.  (Manchester,  England ),  carbolic  acid,  naphthaline 130 

Lowig  Brothers  (Dresden,  (Jennany ),  process  of  manufacturing  caustic  soda 51 

hydrate  of  aluminium  for  de- 
colorizing beet<root  juice ...         58 

Lucq,  H.C.  (Pont-Bur-Sambre,  France),  drills,  punches,  shears,  etc.,  for  metal  working 396 

Lunge,  Georg  ( Zurich,  Switzerland),  writings  on  the  Glover's  tower 17, 18 

Lustin  (Belgium) — 

ancient  ii-on  manufacture 281 

LUXEMBURG.  GRAND  DUCHY  OF— 
Cemistry  and  Puarmacy— 

exhibitors,  number  of 7 

awards,  number  of 7 

Mixing  Industries — 

geological  formation 280 

production — 

iron 172 

ore 172,296 

minette 280,281 

pig 172 

wrought 172 

eri>ort — 

iron  to  Belgium 280,281 

Lyman  Brotbcrs  (Toronto,  Canada),  chemical  products '    77 

pharmaceutical  preparations 112 

Lyman,  Clare,  &,  Co.  CMoiitToa\,CMiaAa),  potash  .         77 
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Lyons  (France)—  Page, 

chemical  indoBtry— 

acid,  citric 86 

tartaric 86 

mining  indoBtry— 

pyrites 97 

Lyons,  N.  Y. — 

chemical  industry- 
oil  of  peppermint 159 

Lysaker  Chemical  Works  (Christian ia,  Norway),  nitric  and  snlphoric  acids 95 

Lysekil  (Sweden) — 
chemical  industry — 

icthyocolla,  from  fish  entrails,  for  fining  of  wines 153 

MacDoagall  (England),  mechanical  f  imace  for  burning  pyrites  13 

Maciarlan  (J.  Jr.)  &■  Co.  (Edinburgh,  Scotland),  substitution  products  of  opium  alkaloids 129 

Mclvor,  superintendent  of  cinchona  cultivation  in  Madras,  India 138 

Mackenzie,  John,  government  examiner  of  coal  fields,  New  South  Wales,  estimate  of  coal 

yield 242 

McKesson  &.  Bobbins  (New  York  City),  vegetable  drugs,  essential  oils   157, 150 

McLaren,  John  and  Henry  (Leeds,  England),  traction  engines 384 

Mactear,  James  ( Widnes,  England) — 

revolving  furnace  for  crude  soda  manufacture 37,38 

calcining  soda 39. 90 

methods  of  regenerating  sulphur  ft'om  soda  waste 43,90 

decomposing  salts  In  solution 45 

MACHINERY  (including  tools,  implements,  appliances,  processes) — 

Note. — [Licomotivet  and  apparatus  connected  with  railways  are  indexed  under  the  title 
Kail  way  Apparatus.  | 

classification  of  exhibits  (Group  VI,  Class  54)  364 

Report  ox  "Steam  akd  Gas  Ejcgineh,"  by  Axdurw  J.  Sweeney 363-387 

illustrations  to  the  report- 
Plate  I. — Woolf  vertical  compound,  variable  cut-off  steam-engine,  T.  &.  F.  Powell, 

Rouen,  France 372* 

Phitell. — Horizontal   condensing  steam-engine:  Soci6t6  Suisse  pour  la  Construc- 
tion de  Locomotives  et.de  Machines,  Winterthur,  Switzerland 376* 

Plate  III. — Apparatus  for  the  instantaneous  generation  of  steam  (by  liquid  fuel) : 

C.  J. Busaulx,  Paris,France 386 

Figure  1. — Automatic  cut-off  steam-engine :  Jerome  Wheelock,  Worcester,  Mass., 

sectional  view  of  cylinder,  showing  valves 370 

Figure  2. — ^Ditto — side  view  of  cylinder,  showing  valve-gears 370 

Figure  3.— Dittol-valves,  detached 371* 

Figure  4. — ^Variable  exhaust  steam-engine :  A.  Collraann,  Vienna — perspective  view .       373* 

Figure  5.— Ditto— transverse  section 374* 

Figure  6. — Compound  condeuHini^  steam-engine :  Sulzer  Bros.,  Winterthur,  Switz- 
erland          378* 

Figure   7. — Horizontal   compound  condensing   steam-engine:   J.  Hermann-Lacha- 

pelle,  Paris,  France 379* 

Figure  8. — Vertical  compound  brotherhood  steam-engine ;  G.  Flnud  &  A.  Cohendet, 

Paris,  Franco — vertical  longitudinal  section 381* 

Figure  9. — Ditto — vertical  transverse  section 381" 

Figure  10.— Twin-cylinder  steam-engine:  Joseph  Bemays,  London,  England.  ....       382- 
Figure  11. — Tree-felling  engine  (saw):  Ransomes,  Sims.  &  Head,  Ipswich,  Eng- 
land  , 383* 

Report  os  "  Machines  and  Machine  Toom,"  by  Wiluam  T.  Porter 389-402 

iUustrations  to  the  report — 

IHgnres  1, 2, 3, 4. — Stone-dressing  machines :  Brunton  &  Trier,  London,  England  .  399,*  400* 

401,*  402* 
exhibits- 
little  novelty  in 194,195,365.391,392,402 

Information  concerning,  withheld  194, 195, 365 

of  United  States  inadequate 391 

general  imitation  of  American  patterns 365, 866, 367, 368, 372, 377, 380, 392, 395, 408, 409, 412 

CmuacAL— 

alizarine  manufacture 100-108 

Bindschedler  Sc  Busch's  process 101-104, 105 

Graebe  Sc  Liebermann's  process 100, 101 


* 


* 
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MACHINERT-Coiitinaed. 
Chemical— 

chlorine  manufaotnring  piooefl866 51-54 

Deacon  ScBjoter 51;5S,54 

Donlop 58 

HazencloTor 54 

Hoffimann 53 

Jetzler : 63 

Solvay  (utilizing  ammonia-soda  residues) 51,52 

Woldon  (regenerating  oxide  of  manganese) 52 

ice-making  apparatus  (by  sulphurous  anhydride) 25 

nitric  acid  manufacture 28-28 

recent  improvements  in  apparatus 26,27 

par^ine  manufacture — 

retorts  for  distillation 72 

potash  monufiEtcturo  from  beet-root  residues 30 

reverberatory  furnaces 30 

retorts  for  distillation 30 

sodA  manufacture 82-51 

ammonia  processes— 

Claus  &  Wallace 48^50 

Be  GrousiUiers 48 

Gerlach  (produciog  ammonia  salts) 49 

Honigmann 4«,47 

Schalke 48 

Scherbascheff 48 

Schlosing&Rolland 44 

Schmidt 48,48 

Siemens 48 

Solvay 44-48,49 

caustic  and  sodium  carbonate  processes— 

Arret 51 

Davis - 51 

Dohlig 51 

GrUnoberg  &  Forster 51 

L5wig 51 

Thirion 51 

Vincent 50 

Weldon     51 

crude,  from  sulphate,  Leblanc's  process 37-38;  4^  45 

apparatus,  improvements,  etc. — 

Elliott  &  Russell 37 

Horgreavcs  d&  Robinson 32,38,45 

Kopp  dtStromeyer 33 

Mactear 87,38,89^45 

Malherbe 38 

Th61en 39 

sulphate,  and  hydrochloric  acid- 
apparatus  and  processes — 

Cammack  and  Walker 34 

Hargreaves  &  Robinson 82;  34,35, 38 

Jones  &  Walsh 88,34,36 

waste,regenerationof  sulphur  from 83-43 

method  of  Hewitt 43 

Krausshaar 43 

Mactear 43 

Mond 40 

Schafiher 49.43 

Schaf&ier&Helbig 40-42 

illustration  of 42* 

spirits,  copper  apparatus  for  distilling 265 

sulphuric  acid  manufacture  10-26 

pyrites  burners 10-13 

vitriol  chambers 1W7 

Glover's  to^er 16,17,19 
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Pag©. 
lCHINEBT— Continaed.  • 

CHUnCAL— 

sulphnrio  add  tnannftictnre— 

Gay-Lusaao's  tower .16,18,19 

ooncentratiiig  api»aratiia 19-22 

glam 21,22 

iron 21 

lead : 19,20,24 

platinnm 19, 2©,  21. 22, 24,  M,  65,  e«,  75, 90, 91 

Yitriol-sUme  fomacea 23 

retortofflaaka 23 

leoelrers 23 

Bhgikis— 

exhibited 368-387 

details  of  conatraotion,  atylea,  et« 365-369 

framing 365,366 

OTank-ahaftsandJonmals 366 

bearings 366 

connecting-roda 367 

gnides 367 

valres 807,308 

valve-gears .• 368,369 

steam-engines— 

Anstria-Hongary— 

CoUmann's  variable  exliaast 372-375 

iUnstrations ^ 373*,  874* 

Belgium- 
Beer's  winding  engine,  for  mines 376, 377 

France- 
Powell's  Woolf  vertical  oomponnd 371, 372 

illostration 372* 

Hermann-Lachapello's  condensing 378-380 

illustration 379* 

Fland  &  Cohendet's  brotherhood 380,381 

illustration 881* 

Great  Britain— 

Bemay's  twin-cylinder 882,383 

illustration 382* 

Eansomes'  tree- felling  (saw) 883, 384 

ilinstration 383* 

pumping 884 

hoisting 884 

traction 384 

Switserland — 

Soci6t6  Suisse  condensing 875,876 

illustration 376* 

Sulzer's  compound  condensing 377, 378 

illustration 378* 

United  States— 

Wheelock's  automatic  ont^ff 368,369-371 

illustrations 370*.  371* 

apparatus  fer  the  inMHntaneous  generation  of  steam  (by  liquid  ftiel,  petroleum, 

naphtha,  etc.) :  Dusaulx,  Paris,  France 385-387 

illustration 886* 

gas-engines 384,385 

Otto  silent:  Paris,  France 384,385 

.  Bissohof  vertical;  Paris,  France 885 

taydzaiilio  engines — 
Austria-Hungary— 

used  in  mines 302 

France- 
used  in  rook-salt  works 181 

oomprsesed-air  engines— 
Austria-Hungary- 

UMd  in  mines ^ 298 
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MACHINEBY— Continued. 

ENOINB&— 

compressed-air  engines— 
Belginm — 

used  in  mines 279 

used  in  mining  industrieft— 
Algerisr-* 

number  employed  in  mines 188 

iron .' 1» 

Austria-Hungary — 

number  employed 296,299 

incoalmines 296 

hoisting 286,298,302 

pumping 296,299 

Belgium — 

number  employed 278,282,287 

pumping 27«,  278, 279, 282, 284, 285 

Cornish  engines  2© 

first  large  rotary  engine:  John  Cookerill  Company 285 

hoisting 278,278,285 

Beer's  winding  engine,  exhibited 376,377 

ventilating 278,285 

France- 
first  steam-engine  used  in  (1732) 176, 177 

number  employed  in  coal  mines 181, 182 

iron  mines 181,182 

rock-saltmines 181.182 

rotary  pumpin  i^  engines 187 

Portugal — 

hoisting 828, 327, 329 

pumping 327 

Spain — 

number  employed  in  coal  mines 314,315 

Forestry— 

cork-cutting:  France   113 

exhibitof      113 

peat-working :  Sweden 263, 264 

production 363 

tree-felling  engine :  England • 383, 884 

illustration  883' 

Machine-tools — 

exhibits  of 3M-38e 

France — 

gear-cutters 396,386 

planers   394, 395 

new  method  of  lubricating 396 

unintelligent  imitation  of  American  pattern 395 

shaping-machines,  quick-return  motion 394 

small  tools:  drills, punches,  shears,  etc 396 

Great  Britain — 

drills 396 

gages 396 

gear-cutters,  dividing  api>aratus * 391 

lathes 396 

locomotive-repairing  tools 396 

measuring-machines 896 

milling-machines 1 397 

screw-cutters 396 

shaping-machines,  quick-return  motion 394 

small  tools 396 

surface  plates 396 

United  States— 

emory  wheels 887 

molding-machine  for  foundries 397, 898 

small  tools :  gear-cutters,  taps,  reamers,  drills,  rules,  gages»  eto 397 
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Page. 
CHINERY— Continued, 
metal  working — 

copper  (tM,  alto,  Pyrites, 

furnaces  employed :  Russia 253 

smelting  works,  rolling  mills :  Sweden 205 

iron — 

furnaces — 

charcoal  hearths  in  ancient  Gaul 175 

recent  improvements  in  Great  liritain 211 

Belgium 282 

number  employed:  Russia  256, 257 

Belgium .• 281 

ancient  remains  of:  Belgium 281, 282 

lead— 

furnaces  employed :  Russia 252 

••Bleyberg":  Belgium.. 286 

reverberatory,  *'Commem  process":  Austria 299 

used  by  the  ancient  Greeks,  at  Laurium 335 

Pilz:  modem  Greece 338 

nickel — 

extraction  processes 191-193 

Gamier's  process :  cold-blast  cupola  furnace J92 

refining:  reverberating  furnace 193 

platinum — 

BeBttger*s  process  of  coating  metallic  objects  with 67 

"autogenous  soldering "  by  oxy-hydrogen  blow-pipe 65 

ftimace  with  compound  oxy-hydrogen  blow-pipes  for  making  alloys  of,  with  iridium, 

etc / 68 

model  of,  exhibited  by  the  Commission  du  Metro 68 

pyrites- 
silver  extraction  ftom  the  residues 13-15, 235 

copper  extraction 235 

cyanides  extracted  from  residues 62 

Plattner  chlorination  process 235 

excluded  by  popular  sentiment  in  Portugal 327 

quicksilver — 

extraction  processes  various :  Austria 303, 304 

receivers 303 

retorts 303 

heating  with  lime 303 

furnaces:  Almaden  (1750) 303 

Idria,  horizontal  (1787) 303 

Leopold,  quadrux>lo  (1825) 303 

Albert  i,  re verberatory  (1842) 303 

cupola 303,304 

iron-clad 303,304 

muffle 303, 304 

Fortichaujlungsd/en  (reverberatory) 303 

silver — 

Luce  &  Rosan  process  of  concentrating 187 

furnaces  employed :  Russia 252 

refining :  Norway 271 

steel- 
furnaces  employed:  Russia 257 

tin— 

reverberatory  smelting  furnaces :  Australia 239 

furnaces  employed :  Russia 253 

Chinese,  used  in  Banca,  Dutch  East  Indies 342 

Vlaanderen's,  used  in  Banca,  Dutch  East  Indies 342 

reverberatory,  used  in  Banca,  Dutch  East  Indies  342 

value  of  metal- working  machinery  in  Russia 260 

zinc — 

furnaces  employed :  Russia 255 

Belgium 291 

first  constructed  (1806):  Belgium 290 

shaft,  oharcoalbuming :  Italy 312 
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MACmNEBY— Continued. 
Mnrnia— 

no  exhibit  by  Australia 215 

United  States 285 

boring  apparatus — 

Mortensen:  Sweden 218 

diamond  drill M 

Chinese  rope  drill 206 

Burleigh 266 

Cederblom 368 

Ingersoll 288 

Band 286 

Sohram 288 

competitive  trials,  in  Sweden 288 

machine  drills,  used  with  dynamite :  Austria 297 

coking  furnaces:  France 188 

engines  for  hoisting,  pumping,  ventilating,  etc.  («e0  engines,  abovt.) 
hoisting  arrangements — 

disused  in  Sweden 216 

safety  apparatus 183,185,186 

Cousin:  France 183,185,188 

providing  against  overwinding 186 

stovl  cables  replacing  iron :  France 187 

Austria 288 

ropes  replaced  by  wooden  and  iron  guides :  France 187 

Beer's  winding  engine :  Belgium,  exhibited 376,377 

cages,  lifting  cars :  Belgium 278 

Austria 296 

ore-dressing— 

improvements  in  France 187 

Austria 296  998 

percussion  tables 2118,391 

revolving  tables 302 

continuous  jigs 286 

stamp-batteries 298,299,308 

screens 302 

Blake  crusher 302 

Belgium 285,286,281 

Greece,  andcnt 335 

exhibit  of 839 

modem ^ 338 

Iforway 271 

United  States- 
Blake  cmdier,  model  exhibited  392 

prosi>eoting  implements- 
magnetic  needle :  Sweden ,. 218 

want  of,  by  the  ancient  Greeks 333 

Cir^am,  Chinese  boring  apparatus:  Banca t 341 

pumping  apparatus  (*ee,  aUo,  engines,  abov€). 
water-wheels — 

used  by  ancient  Bomans,  in  Portugal 834 

Sweden 206 

Belgium , •  2P5 

transportation  by  railwdys  (tee  Bail  way  apparatus), 
coal-washing — 

improvements  in  France 187 

gold- 
hydraulic  wishing- 

inCaliforaia 238,855 

by  Chinese 283,855^358 

New  Zealand 2S 

puddling,  cradles,  pans,  etc.:  AqstraUa 235 

tin- 
washing,  jtgs,  sluices:  Australia 889 
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MACHINEBY— Continued. 

Paper  woRKDfO,  exhibits  of 882-3M 

France— 

engioe-tab 302 

Fourdrinier  machine 802 

priu  ihiii  presses 392,  dW 

type  composing  and  distributing  machines 303 

numbering  machines,  for  notes,  tickets,  etc 394 

Qreat  Britain — 

printing  presses 393 

t}-pe  composing  and  distributing  machine 303 

&r01fB-W0UKINU — 

stone-drt* using  machine :  Brunton  A.  Trier,  London,  England 808, 400 

iUustrations 300*,  400*.  401*,  402* 

TEAlfHMIBHlON  OP  POWKU— 

by  gearing,  in  Europe 305, 401 

with  heUcoidal  teeth 306^397 

Hoofs 306 

belting,  in  the  United  States 401 

hempen  ropfS 401, 402 

leather  belt  exhibited:  United  States 401 

hair  belt  exhibited:  France 401 

Watch-Makixo— 

no  exhibit  of 406^409 

advantage;*  of— 

produces  interchangeable  parts 408, 400 

superior  worlcmanship 408, 400, 411 

cheapness  408,411 

increased  production 411 

originally  employed  by  Boston  (Mass.)  Watch  Company 400 

used  by  Amfriean  Watch  Company,  Waltham,  Mass 400,411 

imitated  or  imported  from  United  States,  in  France  408,400,412 

SwiUflriand 408,400,412 

not  used  in  England 408 

micrometer  exhibited 414 

Madder,  discovery  (in  1823)  of  two  coloring  matters  in.     80 

superseded  sh  n  dy«>*stuff  by  alisarine 100,101,113 

GultiTation  abanduntHl  in  Fnmce  118 

Maine  (Me  United  States). 

Maisons-Laffitte  (France)— 

chemical  industry — 

borax 88 

boraricacid •.  83 

manganese,  borate 88 

Malacca  {tee  Great  Britain :  colonies :  Straits  Settlements). 

Maletra  (Bouen,  Franco),  furnace  for  burning  pyrites 11, 12 

fits  residues  for  use  in  Bessemer  steel  manufacture 14 

Malfldano  (Sardinia,  Italy)— 

mining  industry 800-312 

lead 311,312 

silyer 312 

sine 311,312 

blende 300 

calamine 300 

cerusite 300 

galena    300 

exploitation 310,311 

operativoH,  number  employed 312 

Malherbe,  process  of  man II (kcturing  crude  soda    88 

Mallutha  tribe,  AuatroJ  iau  aborigines,  use  of  pUuri,  courage-^iompelling  drug 133 

Mahndhus  District  (Sweden)— 

mining  industry — 

coBl 288 

39  P  H — ^VOL  4 
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Manohester  (Bnf^laiid) — 
ohemical  industry — 

alum .• n 

alumino-ferric  cako  for  rizing  paper  and  purifying  water n 

bauxite 91 

carbolic  acid 110 

naphthalino 110 

tetrachloride 130 

machinery  manufacturo 420 

hydraulic  testing  machine 396 

lathes 

locomotive-building  tools 

machine  tools,  gages,  etc 

railway  apparatus — 

locomotives ^ 443,i4t*,4tt 

Manganese  {tee  Chemistry;  alto  Mining). 
Manitoba  («e0  Great  Britabi :  colonics:  Canada). 
Mai  bio  (DM  Mining). 
Marchovelette  (Belgium) — 
mining  industry — 

ii-on 379 

Margubritte  &  Lourdeval  (Paris,  France),  ammonia-so<la  manufacturing  procees 44 

Margulies  (B.)  Sl  Co.  (Vienna,  Austria),  Muroonia,  salts,  saltpeter 75 

Marinoni,H.  (Paris,  France),  printing  presses  303,398 

Markham  introduced  cinchona  cultivation  in  British  India 136-140 

Marlier  (France),  secretary  executive  committee  of  the  **  International  Congress  for  the  Ame- 
lioration of  the  Means  of  Transport*' 431 

Marmora,  Sea  of— 

borate  of  lime  deposits 5§ 

Marseilles  (France) — 
ohemical  industry — 

acid,  nitric  .     79 

sulphuric   79 

msnganese 79 

soda 79.81 

sulphur 78 

gas  works,  ammonia  from  waste  of^  used  in  soda  manufacture 81 

Martinique  («m  France:  colonies). 
Maryland  («m  United  States). 

Masun,  James,  managing  director  of  the  mine  of  Saint  Domingos,  Portugal 331 

Mxuisachusutts  (tee  United  States). 

Mathey,  A.  O.  (Neiichfttel,  Switzerland),  diamanldne  (Jewelers'  polishing  material),  boron  and 

artificial  carbon  diamonds 156 

Mauritius  (tee  Great  Britain:  colonies). 

Maw,  William  H.,  editor  of  "Engineering,"  London,  England  435 

Mayen  (Rhenish  Prussia,  Germany)— 
mining  industry — 

copper 287 

lead 387 

xincblende 287 

■ore-dressing  works 287 

Mayer,  £.,  engineer-in-chief  of  rolling-stock.  Western  Railway  Company  of  France 431 

Maz6-Launay  (France),  distillation  of  iodine  from  kelp 56 

Meiem  (Austria) — 
mining  industry- 
zinc  concentration  works 305 

Mdkarski,  L.  (Saint  Yve^,  France),  president  of  the  Soci6t6  G6n6ral6  des  Motours  k  Air  Com- 

prim6  (Paris),  inventor  of  motor  for  street  and  mine  railways — 461,463 

illustrations  of  his  street-railway  cars 462*.  463*,  464* 

M61aa,  V.  ( Milos,  Greece) ,  sulphur 91 

Melbourne  (Victoria,  Australia) — 
chemical  industry — 

preparations  of  the  eucalyptus  131 

exhibition  (tee  International  Exhibitions). 
Mellor  St  Rittenhouse  (Philadelphia,  Pa. ),  extract  of  licorice  root,  Jervia,  glycyrrhixene  ^ 169 
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Meittwaog  (B«nca  Idaod,  Netheriandfl  colony) — 
mining  indnatry— 

gold 848 

Mercury  Om  Chemistry;  a2«o,  Mining). 
Merle,  H.  (Pnmoe),  indastrial  cberoiiit— 

prodnotion  of  chloride  of  potaesiiim 20,84 

improTement  in  coke  towers  for  hydrochloric  add 84 

fonnded  chemical  works  at  Salindres 84 

Mertola  (Portagal)— 
mining  indostry — 

lead 818 

Messina  (Italy)— 

dhemieal  indnstry— 

essential  oils 143 

bergamot Ii8 

orange 148 

lemon 142 

lemon  Juice,  concentrated,  for  dtrlo  add 142 

Mesvin  (Belgium)— 
fthfimi«>al  indostry— 

sdds 78 

phosphates 78 

soda 78 

MBTAI^WOBKHra  (SM,  atto,  Machinery:  metaLworking ;  aUo,  Mining)— 
aluminium — 

exhibito 88,87.86 

mannikotures  84,85 

chemical  balances,  optical  instruments,  etc 85 

prices : 85 

aUoy  with  nickel 85 

silver  85 

sulphate,  produced  firom  iron-fnmaoe  slag 88 

brass,  bronse 286^290,441 

copper- 
extracted  from  pyrites  residues 13,14,100,203,204,205,208,207,201 

stiver  extracted  from  ores  of 208, 201 

alloys  with  nickel  (Oerman  silver) 102,101 

tin  in  bronze 441 

distilling  apparatus 268 

parts  of  locomotives 480,440,441,442,444 

gold- 
contained  in  pyrites  residues 18 

used  as  solder  for  platirnm    85 

iridium  (ses  platinum,  6«Iow). 
Iran- 
parts  of  locomotives 4tf 

zepladng  ropes,  for  hoisting  in  mines 187 

wood,  in  orosbties  fur  railways   421 

frames  of  railway  cars 425,448^448 

replaoed  by  steel,  in  railway  material 420,424 

hoisting-cables  in  mines 187 

alloy  with  nickel  198 

slag  from  smelting  fiimaces  yields  aluminium 68 

pyrites  reddues  used  in  smelting 100,207 

lead- 
silver  extracted  from  ores  of i 208,200 

sulphuric  acid  condensing  apparatus 18 

nickel— 

manufiMsture 108,103,271 

alloy  with  aluminium 85 

copper  (German  silver) IM 

faon 198 

osmium  (sm  platinum,  below). 
paDadinm  (sm  platinum,  5«lot9). 
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XBTAL-WORKING— Continued. 
plftUnnm— 

metals  aModated  with — 

iridium tl 

exhibits I»,«,87.n 

mathematical  instruments,  weights,  eto (H^<H^  A 

oolors  for  porcelain  decoration tt 

asanalloy  of  platinum  21,61^  61 

osmium • 

exhibito , 65^e8lW,«l 

pointing  pens,  suspension-points tt 

psUadiom tf 

exhibit..... ft5,68kflB,W,ll 

power  of  absorbing  hydrogen ^ttlSl 

points  of  pencils,  lancets,  etc. 6B 

mathematical  instruments,  eto 61 

rhodium •$ 

exhibit «^« 

rutheniuin IS 

exhibit 9&,n,g!,n 

exhibits 64,  W,»7, 90,11 

proceeses  of  manufacture   M 

fusion  1 IS 

autogenous  soldering  (by  oxy*hydrogen  blow-pipe) 66^n^0 

coating  ol^ects  of  metal,  glass,  porcelain 07,0 

apparatus  for  concentrating  sulphuric  acid 19, 20, 21, 25, 64, 65, 66^  88)  87,81 

preparation  with  asbestos:  sulphuric  acid  manufacture. H^ 

general  chemical  apparatus 0 

oolors  for  ceramic  decoration 67, 0 

pyrites  residues- 
extraction  of  copper 18, 14, 199, 203, 204, 205, 206;  SOT. » 

gold II 

sQver 18,lia06;» 

used  in  manufiacturing  Bessemer  steel  14 

iron  smelting  furnaces 19^217 

itiodium  i§e0  platinum,  above). 
rutheniiun  (tee  platinum,  above). 
silver- 
extracted  fh>m  copper  ores ZOS^M 

lead  ores  206;aM 

pyrites 1S,H208,» 

alloy  with  aluminium 8 

plating 26J 

steel— 

manufuoture 420,40 

replacing  iron  in  railway  materials  .  420,^136 

hoisting-cables  in  mines  187 

locomotive  boilers 40 

Bessemer- 
pyrites  residues  used  in  the  manufacture  of 14 

low  cost  of 40 

parts  of  locomotives 444,442.444 

rails 428,457 

Martin- 
locomotive  boilers 438^440,441 

tin- 
plating  on  iron 80 

alloy  with  copper  in  bronze 441 

Meter  (=89.371  inches),  definition  of 4M 

Metre,  Commiuion  du  (France),  preparation  of  standard  measures  of  platinum  and  iridium 61 

MBXICO- 
Chemistrt— 

exhibit 1» 

products— 

linaloe,  essence  1® 

liquidaxn\»x,tei&n. 1* 

TsnUla flBtlM.** 
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MEXICO— CkmtiDiied. 
MnciKn  iNDUBTsua— 
gold- 
production 178, 284, 848, 853^804 

exported  to  United  States 347,868 

•ilyer— 

prodnetion 178, 234»  853, 854 

exported  to  United  States 347,858 

Meybridge  (San  FninciBco,CaL),  pneumatic  clock 405 

MSaaak  District  (Ural  Mountains,  Russia)— 
mining  industry- 
platinum 251 

Michelet  (Paris,  France),  manufMStnreofsoperpbospbates 57 

Micbigon  {See  United  States). 
"Mlddlesborougb  district"  (England)— 
mining  industry- 
iron  production 190 

Mlgnon  &  Rouart  (Paris,  France),  A.  de  Bisscbofs  vertical  gas-engine 885 

Milan  (Itidy)— 

chemical  industry — 

acid,  hydrocbloric 96 

nitric 96 

snlpburic 96 

alumina,  sulphate    94 

iron  preparations  for  paint 98 

quinine 141,142,148 

soila,  sulpbate 96 

soluble  silicates 94 

sulphur.. 98 

superphosphates M 

sine,  sulphate    96 

Milo,  Isbmd  of  (Oreeoe)— 
mining  Industry — 

sulphur 889 

repressed  by  bad  government,  wars,  etc 888 

Milos  (Greece)— 

mining  industry — 

sulphur 91 

alum  n 

**  Mineral  Map  and  General  Statistics  of  New  South  Wales**  cited ..         244 

Mines  of  Iteuxevilller  (Laneuveville,  France),  pruaaiate  of  potash 87 

Minette,  iron  ore,  definition  of 280 

MINING  INDUSTRIES— 
[Note.— r/iitf  tubject  U  indexed  in  detail  under  the  titlet  qf  the  producing  eountriett  vii  .• 
Austria-Hungary,  Great  Britain  (with  Norway, 

Belgium,  colonies),  Peru, 

Bolivia,  Greece,  Portugal, 

Brazil,  Italy  (with  provinces),  Roumania, 

Chili,  Japan,  Russia  (with  provinoes), 

China,  Lapland,  Spain  (with  colonies), 

Denmark,  Luxemburg,  Sweden, 

Egypt,  Malacca,  Turkestan, 

France  (with  colonies),  Mexico,  Turkey, 

Germany  (wiih  Netherlands  (with  colonies).  United  States  (with 

individual  states).  New  Grenada,  individual  states). 

Sm,  aito,  Fuel;  Operatives;  Machinery;  Metal-working]. 

Rkfobt  ox  **  Mixing  lNDUBTiusB,'*b3  James  D.Hagus 183-861 

prepared  in  part  by  GsOBQS  F.  Beckbb 184 

table  of  contents  of  165-170 

classification  of  exhibits  (Group  Y,  cbiss43)   18< 

exhibits  showed  little  of  novelty ! 187,194,195 

production  ot  the  principal  mining  countries 171-178 

coal .         171 

gold 178 
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production  of  the  principal  mining  coiuitrie»— 
iron — 

bar 172 

ore 172 

pig 172 

lead 172 

•ilver ITS 

steel 172 

Eino 171 

world's  production  of  gold 2M 

•Uver 2M 

ooal,  uaea  of^  in  Anatria 286 

France 177 

Great  Britain 21fl;2U 

Spain 315 

prices  of  metala 198,111 

causes  of  flnetoation  in 196,117 

in  London,  the  standard IW 

for  1880, 1805, 1870-77— 

of  coal 218,217 

copper 218,217 

iron a8,2l7 

lead  218,a7 

silver 218,217 

tin    218,217 

zino 218,217 

products   [KOTK.— iffucft  qf  (A«m  prodti«te  a%  art  prefixed  by  an  tuterUk  (*)  iiw  fttrihtr 
indexed  under  Chemistry.] 

adamine 8M 

agate 171 

alfenide .        IK 

*alnm  175,178 

*  aluminium IM 

♦antimony 176,178,179,229,245,283,298,810,121 

*argentan 192 

argentite 271 

^arsenic 191, 192, 270;  293, 838 

*1>arytes 175 

*banxite 178 

•bismuth 298.808,801 

bitumen 17^^181 

brass 184,285^821 

bronze 174 

calamine 282,288,286,287,288,280^810,318 

calohopyrites 281805 

cassiterite 237,818 

*oeruaite. 286 

•chromium 191,200,270.837 

cinnabar 245,240.801,808,804 

clay 179. 218, 219^278, 321 

Are 2* 

potters' aw 

*  coal  (see,  aleo.  Fuel) . .  171, 175. 176, 180, 181, 182. 183, 188, 191. 200. 201, 210, 211, 210. 217, 218, 219, 230, 

225, 228, 229, 241-244, 247. 248, 257. 258, 260, 201, 263, 267. 268, 272, 273, 274. 27S, 
276, 277. 278, 293, 294, 295, 306, 307. 808, 813, 814, 815. 316, 320. 840, 341. 437. 440. 

anthracite * 175,257.258,807,320 

artifloial  ftiel 183,181 

bituminous 257,258,307 

bog-head 229^244 

kerosene  shale 229,243,244i243 

lignite 145,175,177.178.247,248,267.293,294.296,807.814,815,320,837.338 

cobalt 145,175,178,191,247,254,268.269.270,293,300,301,818,33d 

collodion 185 
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prodnots — 

*  copper 13, 174, 175, 178, 179, 184, 189, 190, 192, 198, 197. 198, 201, 203-206, 206, 207. 208, 210, 

213, 214, 215, 216. 217, 218, 220, 222, 228, 230, 241, 247, 248, 253, 254, 260, 261. 2G2, 264. 
265. 266. 268. 260. 270, 271. 283, 287. 293, 30G,  307, 314, 319, 820, 821, 323-337, 338, 363. 

'pyrites   ..  913,178,180,203,204,208,209,237,254,265,313,320 

•diamonds 229.337,344 

*  galena 10. 145. 180, 205, 279. 282, 283. 284, 286. 297. 299, 805. 314. 833, 335 

gvnierite  (nickel) 191 

*  gold 171. 173. 174, 179, 184, 190, 101 ,  197, 218, 219. 228, 22&-235. 236, 237, 238, 239, 250, 251, 260, 265, 

268, 293, 321, 333, 340. 343, 344. 345, 361 

graphite 145,178,179,196,247,259,265,298 

iridium    65,66,60,251 

iridosomine 261 

*  iron 14, 174, 175, 176, 180. 181. 182, 183, 189, 190, 191, 193, 105, 196, 199. 206, 210, 214, 220, 

229. 246, 247, 251, 254, 256, 257. 262. 264, 2G8. 269, 270. 272, 273, 279, 282, 
293, 297, 306, 307, 308, 313, 314, 316, 317, 319, 320. 321, 333, 337, 338, 343. 

Urytes 273 

cast 248.260,261 

cbiomio. 96,251.259,268 

ore i 172,178,190,199 

pig 172,183,200,201,206,226,227.228,229,256,281 

pyrites 9,145,178,179,180,230,265.273.283,320.823,333 

Spiegel ...         206 

wrought 172,183,257,260,261,306 

Jasper 145,179 

lead 172, 175, 178, 179, 184, 187, 189, 190, 197, 198, 205, 208, 209, 210, 213. 214, 216. 217. 218, 219. 

220, 223, 229, 245, 247, 252, 260, 265, 270, 272, 273. 282.  283, 286, 287, 288. 
293, 298, 299.  :i06, 307, 311, 313, 319, 320, 321, 333, 335, 336. 337, 338. 348. 

litharge 184,205.293.335 

•manganese .  175.178,179.180.103,266,273.293.306.320.337 

marble 175. 179. 806, 32f 

♦mercury 145,175,229,245,246,270,293,802,803,304,313,321 

•naphtha 248 

*  nickel 175, 178, 184, 191. 192, 193, 196, 247. 254, 265, 268, 269, 270, 271, 203, 800, 301, 313, 320. 338 

•ochre 175 

osmium 65,66,68 

•osokerit 71,72 

•palladium 65,66,68,68 

peat  («M,  a2to.  Forestry) 178,180,181,263.204.272.307 

•petroleum 244,258,260,293 

•phosphates 175,179 

•platinum 65,66,179,247,248,260-252,260,821,844 

•pyrites 9, 10, 13, 14, 94, 98, 178, 179, 180, 191, 197, 199, 306, 207, 214, 218, 220, 224, 235. 269, 270, 271, 

279, 313. 322-333 

pyromorphite ■. 286 

quicksilver 145,175,229,245,246,270,293,802,303,304,313,821 

•rhodium 66,09 

ruthenium 65,66,69,344 

•salt 247,248,259,260,261,293,306,320 

rock 175.178,181 

sapphires 287 

-  silver 18, 14, 171, 173, 174, 178, 179, 184, 187, 197, 198, 207, 210, 216, 217, 218, 219, 229, 234, 236, 

236, 247, 2 18, 252, 260, 265, 268, 209, 270. 271, 283. 286. 208. 
297. 298, 300, 301, 318, 319, 320, 821, 833, 335, 338, 345-361. 

slato 179,228,320 

steel 172,176,183,196,197,206,257,260,261,282,306,321 

•sulphur 145,175,178,179,181,191,207,247,259,200,806,311,823,837,388 

talc 176 

•tin 145,174,175,178,179,196,198,199,202,203,210,212,213,216,217,218, 

219, 220, 221, 228, 236-239, 247, 253, 254, 293, 320, 321, 340, 341, 343, 348 

•uranium 293,300,301 

•vermilion 804 

sine 10,15,173,175,178,179,184,198,199,206,210,214,216,217,218,219,220, 

224, 247, 255, 260. 262, 265, 269, 270, 272, 273, 282, 283, 286, 287. 288, 
289, 290, 291, 293, 297, 305, 806, 309-312, 818, 814, 820, 321, 333^339. 
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machiDery,  tools,  etc.,  used  {tee  Machinery), 
exploalres  used  in  mining- 
dynamite,  giant  powder IM 

power  of,  compared  with  gunpowder 181,185 

experiments  by  Pmasian  Government IN 

in  Austria IHIK 

dynamite  gum IK 

nitro-glyoerine  less  dangerous  than  saltpeter  powder IM 

exhibitsof 1» 

use  in  Austrian  mines 2f7 

Portuguese  mines    38 

accidents  in  mines— 

from  explosives 184 

fire-damp , 181 

caving  in 186^  ttS 

safety-apparatus,  hoisting-machinery 185^  US 

lamps 187 

water- 
importance  of  sufficient  supply 228,855 

deficiency  in  Australia 229, 235i,  218 

supplied  by  storage  reservoirs  in  Portugal 330, 331 

at  Laurium,  by  the  ancient  Greeks 335 

excess  of;  prevents  deep  mining  in  Poland 255 

difficulties  from,  ir  lielgium 274,275.278,282,284,285 

overcome  by  pumping-enginos  278, 270, 282, 284, 285 

supply  abundant  in  Arizona 391 

Colorado 355 

Dakota 351 

Idaho 398 

Nevada 3S8 

Oregon 356 

Swcflen 288 

Utah 351 

Washington  Territory 396 

precarious  in  British  Columbia 356 

California 228^356 

Mexico 858 

Montana. 358 

New  Mexico 356 

writings,  investigations,  etc.,  referred  to— 

Akerman,  R.,  **The  state  of  the  Iron  Industry  in  Sweden" 261 

**Annuaire  dee  Minee,  d'apris  U  Service  dee  Mine* "  (France) 183 

"Auuual  Report  of  the  Department  of  Mines  *'  (New  South  Wales) 243, 216 

Bell,  LL.,  "Chemical  Phenomena  of  Iron  Smelting" 198, imI*. 

''Berg- und  UruUnmSnniehe  ZeUung'' 841,343 

'^Berichtedee  DeuUehenKonaulatein  SanFrancieeo'' 345 

Blake,  W.  P.,**  Production  of  Precious  Metals" 34^347,348 

Booth,  J.  C,  estimate  of  fineness  of  California  gold  231 

Bo«thby,J.,"SUtistical  Sketch  of  South  Australia" 238,246 

Broch,  O.  G.,  ^^Le  Boyaume  Noro^e  etle  PeupU  NorUgien^* 287,368 

•  Browne,  J.  Ross,  "Mineral  Resources  of  the  United  States" 345)349.350 

Brilukmann,  ^'Magnolia  Dei"  (on  mining  in  Norway) 2W 

Chirke.  W.  B.,  "  Mines  and  Mineral  Sutistics  of  New  South  Wales" 229^  280, 231, 245 

'  'Progress  of  Gold  Discovery  in  Australasia  from  1880  to  1871 "  . .  *. 230 

writings  on  tin  deposits 287 

coal  deposits 248 

quicksilver  deposits 245,246 

CoT^eXiv^  A../' La  Orhce  »ur  U  Rappwt  QM4>giqu»  €t  Min*raJU>giqu»** 331 

''LeLauHum'* 832,384,835,336 

Comet,  on  Belgium  mineral  industries 273 

De  Groot,  C,  account  of  mining  industries  In  Banca,  Billiton,  etc 840-343 

DeLagarde,  D.,  statistics  of  Spanish  mining     313 

Dilgardo,  N.,  geological  investigations  in  Portugal 322,328 

Del  Mar,  A.,  "Report  on  Sttver  Production  in  the  United  States" 345^ 358, 859, 360 
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wiitiiiRs,  iDvcstigRtinna,  eto.,  refenred  to— 

Dixon,  TV.  A.,  on  the  the  treatment  of  pyrites 285 

Dnmonti  A.,  estimate  of  Belgian  coal  depoeits 274 

"Econoniiat"  (London  periodical),  atatlstica,  etc 100,107,213 

Ganiier,J.,  on  nickel  industry  in  New  Caledonia 101 

exi>erimenta  in  nickel-working 101,102,108 

Hay,  8irH.,  estimate  of  British  ailyer  production 210 

Hunt,  R.,  ''Mineral  Statistics  of  the  United  Kingdom"  (annual  series) 106, 108, 200, 203, 204, 

206, 207, 208, 210, 211, 212, 213, 214. 218, 844 

"Industrial  Progress  of  New  South  Wales "  (governmental  publication)   288 

Jaooby,  '*  JZuMiaiult,  AuHraUent,  tmd  CkiUfomient  Oold-ProdtOOion" 345, 340 

hMT,'*I>uau€mmUetdeV£xploUaHond4VOrMCalifornie** 845 

Lipoid,  geological  investigations  in  Camiola,  Austria 301 

Liversidge,  A.,  investigation  of  coal  deposits.  New  South  Wales 242 

Mackenzie,  J.,  estimate  of  coal  yield,  Now  South  Wales 242 

"Mineral  Map  and  General  Stotistics  of  New  South  Wales" 244 

Moody,  B.W.,  on  coal  lands  of  New  South  Wales 248 

Mulder,  G.  J.,  analysis  of  Banca  tin ^ 848 

Nenmayer,  geological  explorations  in  Greece 332 

'*Notie0nirlaMin€d«PyriUeurieused€S.Domingo$''  (Portugal) 322-881 

**Notie$9ur  qusi^tu^net  du  priiMipolM  Minet  ds  rEUU  Autriehien*'  (governmental 

publicaUoo) 20(t,280,808,805 

Teo}ULr,J,,'*KohUundJBUminaUenL(uuUmderErd$" 204,307,814 

"Petermann't  Jfil(A«ilttn^sn"  (periodical) 171,233,345-300 

Phillips,  J.  A.,  "Mining  and  Metallargy  of  Gold  and  SUver  " 231, 346 

investigation  of  copper-extraction  from  pyrites  204 

silver-extraction  from  pyrites  204 

estimate  of  sine  production 214 

Saymond,  R.  W.,  "Mineral  Resources  of  the  States  west  of  the  Rocky  Mountains;" 
"SUtisticsof  Mines  and  Mining,"  etc.;  "Silver  and  Gold;"  "Production  of  SUver 

and(]k>ld  in  the  United  Stotes,"  etc 235, 345, 351, 352;  853 

"Report  and  Accompanying  Documents  of  the  United  States  Monetary  Commis- 
sion"   345,357,35g 

"Report  of  the  Select  Committee  [of  the  British  Parliament]  on  Depreciation  of 

Sttver" 345,352,357 

Richthofen,  F.  von,   "D<s  MetaU-Produktion    CaUfwrnUnB    wnd    der  angremenden 

Lmd€r" 345,347,348,840 

''Royaumed*Bu4de,Expo§SStaHttiqu0" 202 

"San  Francisco  Mining  and  Scientific  Press" 342 

Selwyn,  A.R.C.,  on  coal  deposits  in  Victoria 241 

Seyd,  E.,  estimate  of  British  silver  production 210 

Shalkovski,  C,  "  TahUaux  StatUtiqus  de  V Industrie  dsa  Mines  en  Buetie  "    ...  247, 248 

Smyth,  R.  B.,  "Gold  Fields  and  Mineral  DistricU  of  Victoria " 230, 245 

Soetbeer,    A.,  ** EdeltnetaU  •  produktUm   und    Werthverh&knies   Zwitehen    Gold   und 

SaUr'* 171,233,234,345-300 

*'8taUtHquederindu»trieMinirale" 174,178 

Sness,£.,  "ZuJbuti|A<lM(7oIde«" 233,345,353 

Thompson,  H.  A.,  on  gold  deposits  in  Australia 231 

Valentine,  estimate  of  bullion  shipments  from  Padflc  States  350, 853, 858 

"Victorian  Year  Book "..... 238 

Vlaanderen,  C.  L.,  analysis  of  Bsnca  tin 343 

Wells,  Faigo,  St  Co.,  estimate  of  bullion  shipments  from  Pacific  States.  .346, 350, 853, 854, 355. 358 

Whitney,  J.  D.,  "Metallic  Wealth  of  tho  United  States  " ..  345,346 

Wilkinson,  C.  S., "  Annual  Report  of  the  Department  of  Mines,  New  South  Wales,  1875  " .         230 

writings  on  gold  deposits 220 

tin-production 239 

coal  formation '241,243 

Minnesota  (t§B  United  SUtes). 
Mississippi  (M0  United  States). 
Misslitx  (Moravia,  Austria)— 
chemical  industry- 
essential  oils 110 

cuiaway 110 


618  INDEX. 


Missolozighi  (Greece) — 
ohemioal  induatry— 

salt n 

MiMonri  (iM  United  StateH). 
Miqnelon  (see  France :  colonies). 

MitaaJ-Boasaan-KaaSsha  (Tokio,  Japan),  beeawax^  vegetable  coloring  matter IIS 

ICiye  (Japan)— 

ob*  mioal  industry — 

opinm. 145 

Modela  of  minea,  inglaaa US,)B 

plaater 188 

wire 187,188 

method  of  oonaimotion 187,188 

Modom  (Norway)— 
mining — 

cobalt 288 

MoldoYa  (Hnngary)— 
chemical  indnatry — 

cop]^,  sulphate 75 

soda 75 

snlphnrio  acid 75 

Mdller,  P.  (Cbriatiania,  Norway),  cod-liver  oU 141 

method  of  extracting  oil  by  steam 147 

Mollis  (Switzerland)— 
chemical  industry — 

glne  from  caseine 156 

MONACO^ 

Chbmibtbt  and  Phabmaot- 
products — 

carouba,  simp 148 

eucalyptus  preparations  148 

orange  flowers,  saocharale  .  146 

perfumes  prepared  by  a  secret  process — 

firomcaaaia 148,146 

muak 145 

orange  flowera 145^146 

orria  — 146 

tonqua 145^146 

conmarine 146 

eM§e7ie4  eonertts  de  ea$ie 146 

fleun  d'oranger 146 

de  ro9B  de  Provenc* 146 

principeodorwUdeVirig 145^146 

dumiMO 148,146 

Mond,  method  of  regenerating  anlphnr  from  aoda  waate 41 

Monfalcone  (Auatria) — 
chemical  induatry — 

anatherine  (dentifrice) 188 

cod-liver  oil 188 

Monnet(P.)  &Go.  (LaPlaine,  Switaerland),  chemical  coloring  mattw 156 

Mona  (Belgium) — 
mining  indnatry — 

coal  271;  274, 278^  318 

Montana  (sm  United  States). 
Montebamboli  (Italy)— 

lignite,  analysis  of 387 

Monte-Rexio  (Sardinia,  Italy)— 
mining  indnatry— 

sine Vf^m 

Monti»ellier  (France)— 
chemical  induatry — 

acid,  sulphuric 71 

tartaric 71 

alum 71 

aluminium,  aulphate 58^86 
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Hon^Uier,  Franoe-^Contiinied. 
ohemloftl  industry — 

Iwnzite 

magnesia 

salto 

Montreal  (Canada) — 
chemical  industry- 
potash  

Montreofl  FrAres  &  Co.  (CUchy-la-Garenne,  France),  curare,  curarlne,  cadmium 

Moody,  R.  W.,  mining  engineer,  description  of  coal  lands  in  New  South  Wales,  quoted 

Moonta  (South  Australia)— 
mining  industry — 

copper 

MoraTia  itee  Austria-Hungary:  provinces). 
Morea  (Greece)^ 
mining  industry — 

gold 

iron  pyrites 

Moreau,  P.  (Lille,  France),  mineral  acids,  sulphates,  chloroform,  ether,  tannin 

Moreaux  ( Anizy-le-ChAteau,  France),  atrophine,  datorine,  conicine 

Moresnet  (Belgium) — 

mining  industry 

calamine 

lead - 

zinc  

calcining  ftimaoes 

ore-dressing  works 

Mori,  B.  (Kochi,  Japan),  indigo 

MOROCCO- 

CHXMIBTBT  AlTD  PHARMACT— 

exhibit 

products— 

eotfee 

colooynth 

datura 

drags  

galls 

gums 

perfumery 

senna 

Morson  (Thomas)  St  Son  (London,  England)— 

creofiote,  pilocarpine,  acids,  salts 

pepsinaporoi  

Mortensen  (Sweden),  apparatus  for  prospecting  Cor  ores  by  boring 

Moscow  (Russia) — 
chemical  industry — 

acids 

alkalies 

citrates 

garancine 

I^ycenne  capsules 

protection  for  leather 

soda 

sulphates 

sulphur 

Moulin,  L.  (Saint  Denis,  France),  cyanide  and  prussiate  of  potassium,  salts  of  tin,  caustic 

alkalies    

Moostier  (Belgium) — 
chemical  industry — 

soda 

Mouton  (J.)  St  Sons  (The  Hague,  Netheriands),  chemical  and  pharmaceuticid  preparations, 

quinetum 

Mouysset  (Paris,  France),  extracts  from  plants 

Mulaton  St  Co.  (Lyons,  France),  tartaric  and  citric  acids,  salts 

Mulder,  Prof.  G.  J.,  analysis  of  Bsnca  (Dutch  East  Indies)  tin 
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888 

86 
118 

280.291 
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286 
146 
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152 
158 
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130 
181 
266 


95 
95 
95 
95 
150 
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76 

140 

117 
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Pifla 

MiillerBros.  (Brnim,  Austria)  oMentialoOs 110 

Miiller-Jaoobt,  Dr.  A.  (Zurich,  Switzerland),  snooedaneum  for  oU  in  dyeing  Turkey  red 156 

Hurchlaon,  Sir  II.  L  (England),  prediction  (1844)  that  Auatralia  would  be  a  gold-prodnolnf 

country Sn 

Murcia,  Province  of  (Spain) — 
mining  Induatry— 

lead tU 

sine 314 

iron aiS^Sie 

Mnrlo  (Tuscany,  Italy) — 
mining  Industry — 

lignite 306 

Muspratt  (Leeds,  England),  ammonia-soda  mamifaotnrins  process 44 

Mycone,  Island  of  (Greece) — 

manganese  deposits 51 

Nadal,  S.  (YIUanaeTa  de  la  Boroa,  Lerida,  Spain),  soda  ash M 

Kaes  (Norway) — 
mining- 
iron  ore 208 

Xamur  (Belgium) — 
mining  industry- 
coal  S7S»274,S75 

Kanoy  (France)— 

chemical  manufacture- 
soda  44,46 

Naphtha  (m«  Mining). 
Naples  (Italy)— 

chemical  industry — 

cream  of  tart  ar,  ftrom  the  myrtle 113 

mannite,from  thooUve 143 

Narbonne  (France) — 
chemical  industry- 
sulphur  preparations  to  destroy  phylloxera 71 

Narrow-gage  roods  (sm  Bail  ways). 

Nssr-Eddln,  Shah  of  Persia,  collection  of  chemicals,  drugs,  henna*  saiTron,  tobacco,  opium,  wines.        151 

Nsttivelle,  C.  A.  (Paris,  France),  digitaline. Ill 

Navarra,  proyince  of  (Spain) — 
mining  industry- 
lignite 815 

Naxos  (Greece)— 

chemical  industry- 
salt 91 

Neddivattum  (British  Indian- 
forestry — 

cinchona  cultivation 138 

Negri  Tapong  (Sumatra,  Netherlands  colony) — 
mining  industry- 
tin 843,944 

Neflgherry  HUls  'British  India)— 

forestry- 
cinchona  cultivation ISS^ISV 

Nelson  province  (New  Zealand) — 

gold  minin g 28 

Nesle  (France)— 

chemical  industry- 
potash,  from  beet-root  sugar  residues 8 

salts,  from  the  same O 

NETHEBLANDS  (tee,  al$o,  Amsterdam ;  Ilagne ;  Zwolle). 
Chimistrt  and  Puabmact— 

^^'"Wt 82,14(»,141 

exhibitors,  number  of 7 

awards,  number  of 7 

condition  of  the  ind  ustry m 
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NBTHBRLAKDS— Continned. 

CmCMISTBT  AKD  PBABMACT— 

]iuuial!Mstare»— 
adda— 

hydroohlorlo 92 

nitric 93 

Bolphario 93 

ammonin,  sulphate 92 

carbon,  bisulphide 92 

cinchona  bark 141 

iron,  sulphate 93 

peptones 140,141 

qninetum 189^140 

soda,  sulpliate 92 

stearine 92 

superphosphates 92 

vaoiUxii,  Tsnilline 14i 

imports:  cod-liver  oil  from  Norway 148 

operatires:  number  employed 92 

Clocks  akd  Watchsb— 

exhibit 406 

ICnmfG  IxDusmm— 

no  native  minerals 840 

production  and  consumption — 

coal 236 

copper 222,261 

iron 281,281 

oast 281 

wrought 281 

lead 228 

peat 840 

pyrites 224 

steel 281 

tin 212,221 

ainc 208,214,224 

exports- 
copper— 

toBussia 281 

ii'Din— 

toBelffium 281 

Russia 281 

lead- 
to  Great  Britain 223 

pyritea— 

to  Great  Britain 224 

steel- 
to  Russia 281 

tin 212 

to  Great  Britain 212,221 

sine — 

to  Great  Britain 208,214,224 

imports — 
coal — 

from  Great  Britain 225 

copper^ 

f^m  Great  Britain 222 

iron— 

fhmi  Belgium 281 

EAST  INDIA  COLONIES  (tee,  alto,  individual  colonies,  bstow)— 

collective  exhibit i 141,340-344 

of  chemistry  and  pharmacy 141 

mining  and  metallurgy 340-344 

account  oi;  by  C.  de  Groot 340, 341 

geologioal  formation 840,841 
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UrSTHEBLANDS— Continned. 
XA8T  INDIA  COLONIBS- 

MmiKO  INDUSTBII8— 

ooal SM,IM 

diamonds S44 

gold 840,144 

plAtixmin S44 

tin 212,M0 

mined  by  Chinese  labor 340, 842^844 

worked  by  Datoh  Goyenmient Stt 

BANCA— 

MlNDfO  iKDUaTRnES— 

gold 30 

magnetite 848 

tin 840.341-518 

price  in  London 216 

production 233,848,844 

pnrity     840,813 

analysis 848 

mined  by  Chinese  labor 340^  841 

nnmberof  operatires 841 

geological  occurrence 2S6;841 

methods  of  working,  processes,  applianoea— 

prospecting:  Chinese  boring  apparatus 841 

open  workings 841 

reducing  the  ore:  ftuncoes:  Chinese 341,342 

Ylaanderen's 341,841 

reverberatory 848 

worked  early  by  natives 842 

since  1816  by  Dutch  GoTemment 848 

geological  formation 841 

BILLITON— 

HiNINO  INDUBTBIBS— 

galena 843 

stookwerke 848 

tin— 

producUon  202,230,340,343,844 

geological  formation ...234^341,843 

discovery  of  deposits  (1851) 843 

purity  of 843 

worked  by  a  stock  company 843 

Chinese  labor 843 

tungsten 843 

BORNBO— 

MlNINO— 

coal 844 

diamonds 844 

gold 844 

itacolnmite 84t 

platinum 844 

ruthenium 844 

CELEBBS  ISLANDS- 
MnciMO— 

gold 844 

platinum 844 

ruthenium »^ 844 

JAVA— 

Chemibtby  and  Phabmact— 

cinchona  bark * 141 

vanilla 6^141 

F0BB8TBY— 

dnchona  tree  acclimated 141 

varieties  grown 141 
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ITETHBBLANDS— Continued. 
SAST  INDLA.  COLONISS- 
KARIMOU— 
Morixo— 

CBMitorite 818 

KA8SAR0UTA  (Molncca  laUmda)— 
IftnnNG— 

gold 344 

platinam 844 

rutheninm 344 

6IN6KBP— 
Mnoxo— 

caasiterito   348 

SUMATRA— 
MnoKG— 

gold 344 

tin 343,344 

Chinese  labor  employed 344 

COLONIES— 
OUIANA— 

Cbxmistbt  ahd  Phabmaot— 

oil  of  green  tartle  141 

KenohAtel  (SwititorUuid)— 
chemical  industry — 

artificial  carbon  diamonds 150 

borun  diamonds IM 

diamantine,  for  polishing  Jewelry* IM 

Kational  Observatory — 

obserrations  on  watches 412 

Nemnayer,  Dr.,  geological  investigations  in  Greece 382 

Nevada  («m  United  States). 
Newark,  N.  J. — 

chemical  industry— 

essential  oils ' ISO 

NewBronswick  (sm  Great  Britain :  colonies:  Canada). 
New  Caledonia  (tee  France:  colonies). 
Newcastle  (England)- 
mining  industry' — 

ozokerit  deposits  in  c«>al  mines 71 

chemical  industry — 

magnesia,  carbonate 31 

potash,  chlorate 30 

satin  w  hi te  from  barium  cu'bonate 90 

soda  ash 80 

Newcastle  (New  South  Wales,  Australia)— 
mining  industry — 

coal 342 

NEW  GRENADA- 

ICnnXO  INDUSTBT- 

gold—  • 

production  — - 178 

New  Hampshire  {tee  United  States). 
New  Jersey  (sm  United  States). 
New  Mexico  {»ee  United  States). 
New  Orleans,  La. — 
forestry— 

pino  products,  turpentine 160 

street  railways^- 

fireless  motors  used  on 468 

New  South  Wales  (see  Great  Britain:  colonies:  Australia). 

New  South  Wales  Shale  and  Oil  Company  (Sydney,  Australia),  illuminatius  oil 244 

Newton  (England)— 
chemical  industry- 
soda 44 

New  York  {tee  United  States). 
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New  York,  city  ot,  N.  T.— 
ohemlcal  indnstry — 

alkathrepta UO 

axl^'jo^ase  lA 

borax M,M1 

camphor M^lSl 

caator-oil Ml 

epsom  salts 88,161 

erigeron.oilof 1» 

easentiol  oils  1S7,1» 

extracts 157 

lead,acetate 100 

leather  drosaing 160 

labricating  oils IM 

labricine ISO 

mineral  waters  and  apparatus ISO 

morphia 100;  161 

peppermint,  oil 150 

perfumes MB 

pills 158,150 

sugar  coated 157,158 

plasters 169 

potas6ium,  bromide 106^161 

iodide 100 

quinia,  Talerianate 100 

saltpeter 80,181 

strychnia 10M81 

tanning  preparations 100 

toUet  articles 180 

famish  180 

vaseline 161,162 

manuftctures — 

docl&s ^ 405 

rail^y  apparatus  manufkctured — 

streetcars 461 

street  railways— 

flreless  motors  used  on 48B 

New  Zealand  (im  Great  Britain :  colonies). 
NICAHAUGUA— 

Chxmistrt  and  Pbabmact— 

exhibit 156 

products — 

annoto 155 

cacao 155 

caoutchouc 155 

cashew  nuts  155 

cinchona  bark IK 

copaiba 155 

copalche  bark 155 

crocodile  musk *. 155 

gutta-percha 155 

indigo 155 

liquidambar 155 

nacascola  baric,  for  tanning 155 

nancite  bark,  for  tanning IS 

sarsaparilla IK 

starch 155 

vitlvert 156 

wax,  vegetable IS 

Nickel  (tee  Metal* working;  al*o,  Mining). 

Nickels  (Nancy,  France),  ammonia-soda  manufacturing  process 44 

Nicotera  St  Ca  (Italy),  sulphur 83 

Nietzkl,  investigation  of  c^  anides  of  sodium  as  by-products  of  soda- works 80 

Nyni-Novgorud,  Government  of  (European  Russia) — 
mining  industry — 

iron 256 
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N\jre-TAguilBk  district  (Ural  monntaiiis,  Bussia)— 
miniDg  industry — 

platinum 251 

Nitro-glyccrine  («i0e  Mining :  exploaives). 

Nobel  (Copenhagen),  inventor  of  dynamite-gun  (exploaive) 185 

Nobel  ScCo.  (Gennany),  dynamite 184 

Nocq  FilB,  Pommier,  Sc  Co.  (Noyon,  France),  anlphate  of  alumina,  alum 86 

Nogent-aur-Mame  (France) — 
chemical  industry — 

salta  of  cinchona  alkaloids 117 

quinine,  sulphate 117 

exports 117 

Nordhausen  (Saxony) — 
chemical  industry — 

faming  sulphuric  acid 22, 25, 27, 73 

North  British  Chemical  Company  (Glasgow,  Scotland),  salts  distilled  from  sea-weed  charcoal, 

soda,  potash,  acetic  acid,  chloricalcinm 90 

North  Carolina  (ses  United  States). 
Northern  Ilailway  Company,  France- 
salon  passenger  car  exhibited 447 

receipts  from  traffic 424 

Northwestern  Railway  Company  (England),  express  locomotive 443, 444 

illustration  of 444* 

North wich  (England) — 
chemical  industry — 

soda 46 

'' Notice sur  la  Mine  de  Pyrite  curieuee  de  S.  Domingoes"  (Portugal)  quoted 322-331 

*' Notice  sur  quelque-unee  dee  prineipaUs  Mines  de  Vital  Autriehien''  (governmental  publica- 
tion), cited  296, 209, 303  noU,  305 

Nottawo,  Mich. — 

chemical  industry — 

essential  oils 169 

Novara  (Italy) — 

mining  industry — 

iron 308 

Nova  Scotia  («M  Great  Britain :  colonies:  Canada). 

NOB  «V  AY  (tee,  aUo,  Andoe  Island.  Kongsberg,  Snamm, 

Bergen,  Loffoden  Islands,  Sondmore, 

Christiania,  Modum,  Stavanger, 

Christiansuud,  Naes,  Telemark, 

Ekersund,  Bingerike,  Tromsd, 

Finmarken,  Boeraas,  Tondhjem, 

Fredriksstadt,  Bomsdalen,  VestQord). 

Grefven&s,  Saetersdal, 

Chemibtbt  and  Pharmact— 

exhibit,  chemical 94,95 

pharmaceutical 146-149 

exhibitors,  number  of 7 

awards,  number  of 7 

condition  of  the  industry 94 

checked  by  want  of  fuel 94 

manufactures— 

cod-liver  oil  {tee,  alto,  Fishery,  below) 146 

for  medicinal  use 147,148 

''oleum  jeeoritattelti  Jlavum'' 148 

manufacturing  purposes 148 

tanning 148 

oxalic  acidi  from  sawdust 95, 146 

soda 95 

production  and  consumption — 

cod-liver  oil 14D 

pyrites 9 

fuel  used  in  manufacture- 
coal  (wanting) 94 

40  P  E — VOL  4 
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NORWAY— Continued. 

CmuasTitr  and  Pharmacy— 

prodncts,  by-prodncts,  materials — 

acids — 

hydrochloric 95 

nitric 96^146 

oxalic 9^m 

sulphuric 96,146 

ammoniocal  salts 146 

blacking 146 

cod-liver  oil 129,14»-149 

hydrochloric  acid , 95,146 

ink J 146 

nitric  acid 96,146 

oxalic  acid 95, 146 

potassa,  bichromate 95 

pyrites 9 

salts,  ammoniacal 146 

soda 95 

sulphuric  acid 95, 146 

2xports — 

cod-liver  oil 147 

to  Beljnum 148 

France 148 

Germany 148 

Great  Britain 129,14S 

Italy ^ 148 

Netherlands 148 

Bussia 148 

UnitedStates 148 

Fisheries— 

for  cod 146-149 

at  Bergen 146,147 

Findmarkcn Mfi,  147, 148, 149 

Sondmoreand  Bomsdalen 146,147,148 

Vestfjord  andLoffoden 146,147 

herring 148 

mackerel 146 

products— 

cod-liver  oil 146-149 

for  medicinal  use  (see  Chemistry,  above). 

manufacturing  purposes 147,148 

tanning 148 

refuse  for  manure 147, 148 

number  of  fisherman  employed 147 

Machinery— 

metal-working — 

silver  refining  furnaces 271 

mining — 

ore-dressing 271 

Mnnxo  Industries— 

report  on    267-271 

exhibit 270.271 

geological  formation. , 267,268 

condition  of  the  industry .269,270,271 

coal  practically  wanting 267. 268 

cobalt 269,270 

yield 269 

smelting  works 270 

copper 269,270 

yield 269 

smelting  works 270 

pM 268.269 

iion 269,270 

yield 269 

smelting  works 270 
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KOBWAY— Continned.  Page. 

MnOKO  INDUSTBXIB— 

nlokel 269,270,271 

yield 269 

ameltlng  works 270, 271 

•liver 260,270,271 

yield 269 

smeltiiig  works 270,271 

prodaction  and  consamptioii— 

argentite 271 

arsenic 270 

chromium 269,270 

coal 268,269 

cobalt 268,269,270 

gold 268,260 

graphite ^ 268 

iron 268,269,270 

cast 2GI 

wrought 261 

chrome 268 

lead 268,269,271 

mercury 270 

nickel 268, 269,  ?70, 271 

pyrites 9,214,224,269,271 

salt 261 

silver 268.269,270.271 

steel ..         261 

zinc 224,269,270 

Azports — 

iron  to  Russia 261,269 

nickel  to  Germany 27 1 

Great  Britain 271 

pyrites  to  Great  Britain 214,224 

salt  to  Russia 201 

steel  to  Russia 261 

zinc  to  Great  Britain 224 

imports — 

iron 260 

Noyon  (France)— 

chemical  industry — 

alum 86 

alumina  sulphate 86 

Kugues.  A.  (Saint-Saulve-les- Valenciennes,  France),  potash  fh)m  beet-root  sugar  residues,  soda.  83 
Nyland,  Government  of  (Finland,  Russia)— 
mining  industry- 
copper  253 

iron ■ 257 

Oberhausen  (Rhenish  Prussia,  Germany)— 
mining  industry- 
rolling-mill  -     287 

blende-roasting  furnaces 287 

Oceanica  (see  France :  colonies). 
Gchre  (see  Chemistry ;  also.  Mining). 

Oesterrctclier  Verein  fUr  Chymische  und  MetaUurgische  Production  (Anssig  and  Kralup,  Aus- 
tria)— 

manufacture  of  soda  products 74 

exhibit 74 

works  and  production 74 

Ohio  (see  United  States). 
Olknsz  (Poland,  Russia)— 
mining  industry — 

zinc ••  255 

Olmtitz  (Moravia,  Austria) — 
chemical  industry — 

metallic  saccharates 109 

soap 109 
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phb- 

Olonetz,  Grovemment  of  (European  Kussia) — 
mining  industry — 

coal,  anthracite 258 

iron 250 

Ontario,  a  province  of  Canada  (tee  Great  Britain:  ccloniea:  Canada). 
OPERATIVES— 

number  employed — 
chemical  indus^ — 

in  AuBtria^Hungary 74, 109 

Bel^um 78 

Denmark 77 

France 78, 80, 82, 84. 88,  U«,  120 

Great  Britain 88,90 

Italy 92,93,99 

Netherlands 92 

Russia 95,98,150 

Switzerland ..  97 

fishing— 

in  Norway 147 

mining  and  metallurgy — 

Austria-Hungary 292,295,299,304 

Banca,  Butch  East  Indies  (Chinese) 312 

Belgium i 278,282.289 

France .* 174,180,181,182 

Italy 312 

Russia 290 

Spain 814,315 

Sumatra,  Dutch  East  Indies  (Chinese) 344 

Sweden »4 

railways — 

Engbind 427 

France 427 

Prussia 427 

watch-making — 

United  SUtes 409,411 

women  as — 

chemical  industry — 

Russia 96 

mining  industries — 

Austila-Hungary 292,295 

children  as — 

mining  industry — 

Austria-Hungary 292,295 

wages — 

chemical  industry- 
Great  Britain 88 

mining  industry- 
Belgium  SO 

France 180,182 

Great  Britain 197 

Portugal 825 

United  States,  to  whites 849 

Chinese 849 

lowered  by  silyer  depreelation IS5 

work  performed  by — 
chemical  industry-— 

Germany — ^ 

mining  and  metallurgy- 
France 1741^180.182 

watch-making— 

SwitzerUnd 411 

United  States 411 

expedients  to  economize  labor- 
chemical  industry 21 

France  slow  to  adopt  them 78 
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expedient*  to  economize  labor- 
chemical  industry — 

Germany 48 

Great  Britain 82, 88, 39, » 

foundry  work :  molding — 

United  States 388 

watch-making  by  machinery — 

United  States 408 

provision  for  the  wel£u«  of— 

Compagnie  des  Mines  d'Anzin,  France 183 

.    Idria  mines,  Austria 304 

Pribram  mines,  Austria 290 

Saint  Domingos  mines,  Portugal 330,831 

Schneider  A,  Co.,  Creuzot,  France 185 

Soci6t6  Anonyme  de  Bleyberg^es-Montxen,  Belgium 286 

des  Mines  et  Fonderies  de  Zinc  de  la  Vieille-Montagne,  Belgium. . . .         289 
opposition  to  new  methods  of  manufiicture— 

Switzerland 412 

dangers- 
mining  accidents 184,188,285,326 

explosions 184,186 

guarded  against  by  safety  apparatus 185,186.187 

slave  labor — 

in  mines  of  ancient  Greece 334, 336 

Chinese  (coolie)  labor- 
in  gold  and  silver  mining,  in  United  States 849,356 

tin  mining,  in  Butch  East  Indies 340,342 

Banca 342 

Billiton 343 

Sumatra 344 

Malacca 212 

Oran,  a  department  of  Algeria  {see  France :  colonies :  Algeria.) 
Orebro  (Sweden) — 
mining  industry — 

zinc  blende 2(J5 

Oregon  {see  United  States). 

Oregon  State  Commission,  linseed  oil,  oil-cake  112 

Orel,  Government  of  (European  Kussia) — 
mining  industry — 

iron 250 

Orenburg,  Government  of  (European  Russia) — 
mining  industry — 

copper 253 

gold 249 

iron 256 

chromic 259 

Osmium  («es  Metal- working ;  also  Mining). 
Otago  province  (New  Zealand) — 

gold  mining 233 

Otto  (Paris,  France),  silent  gas-engine 384,385 

Ouchkofi,  P.  (Yelaboug,  Russia),  alum,  acids,  potash,  etc 95, 96 

exports  to  Asia 96 

Oa£a,  Government  of  (European  Russia) — 
mining  industry — 

copper 253 

iron 256 

chromic 259 

Ourmiak  (Persia)- 

tobacco 161 

Oviedo,  Province  of  (Spain)—                                                                       ^ 
mining  industry- 
coal 314 

iron 316 

lignite 315 
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Oxalic  acid  («ee  Chemistry). 

used  in  beet-root  sngar  manufacture 83 

belief  in  its  poisonous  pronerties  erroneous 61 

Oxy anthracene,  definition  of 101 

Ozokerit  (see  Chemistry ;  aUo  Mining). 

Paisant  &  Co.  (Pont-l'Abb6,  Finistdre,  France),  iodides,  bromides,  etc.,  from  kelp O 

Palcncia,  Province  of  (Spain) — 
mining  industry — 

coal 814 

Palhal  (Portugal)-- 
raining  industry — 

copper 319 

Palladium  (see  Chemistry ;  (Uto  Metal- working ;  alio^  Mining). 
Panchot  (Aveyron,  France) — 
mining  industry — 

rolling-mills 287 

Panderma  (Asia  Minor) — 

borate  of  lime  deposits 52 

Pantano  (F.P.)  &  Son  (Assoro,  Italy),  sulphur 93 

PAPEIU- 
materials — 

aluminium  sulphate  replacing  alum 57 

zinc  sulphate,  for  sizing 58 

machinery — 

engine-tub 392 

Fourdrinier  machine 399 

numbering  machine,  for  notes,  tickets,  etc 394 

printing  presses 392,383 

type  composing  and  distributing  maiJUnes 393 

Paris  (France) — 

chemical  industry — 
acids — 

acetic 86 

benzoic 64,87 

gaUic 85,86^119 

hydrocyanic - 87 

hydrofluoric 87 

nitric 87 

osmic 86 

pyrogallic 86^119 

racemic 120 

salicylic 121 

sulphuric 2(>,  87 

alantine 118 

alizarine ...  .  118 

alkaloids 117,120 

atrophine 116^119,120 

avenine,  from  pericarp  of  oats 71 

barium,  binoxide 85 

chlorate 86 

baryta 119 

benzophenon 85 

bismuth 85,86,118 

bleaching  preparations 83 

bromine 83 

cadmium,  iodide 119 

salts 85 

sulphate 119 

caffeine 119 

calcium,  phosphide 86, 119 

camphor 83,120 

cannabine 120 

cantharidine « 118 
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Paris  (France) — Continued. 

chemical  induBtry— 

chloral,  alcoholate J  20 

amylio )20 

ethylic 127 

hydrate 120 

methyUc 120 

propylic 120 

chloroform 117 

codeine 119 

cabebe,  preparations  of 117 

cyanides 62,79,80 

dambonite 118 

datorine.. 116 

digitaline 116,119 

elaterine 119 

erythrit 86,118 

erythrophleine 125 

eserine 119 

ether 117 

eucalyptuB,  preparations  of 117 

formates 121 

fruit  extracts 117,120 

gallium 81 

glucose 118 

glycerine 121 

gold,  chloride 86 

guaranine 120 

hematosine 118 

herapathite' 120 

hyoscyamine 119 

igasnrine la) 

indigotine 86,118 

iodine 83,121 

iron,  Michel's  ("/erA#ma«9t<«") 121 

phosphates 121 

Querenne's 121 

jahip 120 

"jarel  water"  (for  bleaching) 81 

kamaliue 119 

lactates 121 

leucine 118 

mannite 118 

meconine 119 

menispermine 119 

morphine 119 

narceine 118 

nickel,  sulphate 87 

oil  of  orris 116 

roses 116 

OKokerit 72 

palladium,  chloride 86 

paraootine 119 

parafBne .' 72,116 

pepsin 120,121.122 

peptones 122,123 

phenol 117 

photographers' materials 85,116 

phthallio  anhydride 120 

pills 117,120 

pilocarpine 116, 120 

platinum,  chloride 86 

cyanide 86,119 

potassa,  permanganate 85, 12 1 
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Paris  (Franco) — Contiiiaed. 
chomical  indostry — 

potassiom,  bromide 83 

oj'anide 87 

salts 83 

powdors 117 

quinine 117,120 

scxunmony,  resin 116,  UO 

silicon U9 

siver,  nitrate   88 

soda 44,87 

sodium,  nitro-prosside 121 

strychnine 120 

sulphur  products 79 

for  destroying  phylloxera 79 

superphosphates 57 

tannin 0,119 

tartar  emetic 119 

thallium  salts 85 

thebaine 119 

toilet  articles 10«,U4,115 

triphenylmethan & 

tyrosine lU 

uranium  salts 85 

urea 85 

vanilliue 12D 

vaseline' 114 

zinc,  sulphate 87 

apparatus  used  in  chemical  mannftoture 79, 87. 117 

clock  and  watch  making- 
clocks 404 

watches 407 

machinery  mannfaotore — 

machine  tools 386 

metal-working — 

pUners 894,895 

gear-cutters 396,396 

paper- working 896 

printing-presses S92.393 

tyi>e  composing  and  distributing : 393 

numbering 394 

steam-engines 878, 379*.  380, 381* 

steam-generating  apparatus  (by  petroleam,  naphtha,  etc) 38S-387 

manufactures — 

fancy  articles,  ^'artielst  de  PariM^''  jewelry 68 

railway  apparatus  manufactured— 

locomotives 433,434* 

passenger  cars 447 

compressed-air  motors  for  street  railways  461^  482*.  463*.  464* 

mines  461 

fireless  locomotives  for  street  railways 402, 463, 4^*,  46| 

mining — 

early  use  of  coal 176 

slau]i;hter-hou8os,  refuse  from,  used  in  chemical  manufacture 64,87 

tramways  of— 

street-cars  used  upon 459-461 

Ceinture  Bailway — 

transported  passengers  to  the  Exposition Kf! 

Westinghouse  air-brake  used 467 

Paris  Exposition  {see  International  Exhibitions). 
Paris,  Lyons,  and  Mediterranean  Railway  Company- 
locomotives  exhibited  by 435, 436, 437 

illustration  til* 

Pavui  (Italy)— 

chemiud  industry — 

quinine,  valoTianate 141 
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■^Payable,"  AnstniliaiiproTinoialiBin^nseof 229,230 

Pease,  F.S.  (Buffalo,  N.YO.illaniiiiatiiig  and  Inbricating  oils  160 

Peat  (tee  Mining). 

Pechar,  J.  (Austria),  his  work,  ''Kohle  undEUen  it^ aUen  L&ndem  der  Brde,''  cited 294, 307, 314 

Pechiney  &,  Co.  (Salindres,  France) — 

method  of  avoiding  cyanides  in  crude  soda. 38 

soda,  magnesia,  potash,  sulphur 84 

aluminium - 85 

pyrites  mines  in  Gkurd  and  Arddohe 84 

salt  works  at  Giraud 84 

PeUetier  (Kogent-snr-Mame,  France),  disooTerer  of  quinine 117 

Pellieux  &  Mas^Launay  (Kerhuon,  Finistdre,  France),  iodine  from  sea- weed,  varech,  potash, 

bromine,  etc 82 

Penang  (see  Great  Britain:  colonies:  Straits  Settlements). 

Pennsylvania  (»ee  United  States). 

Pennsylvania  Bailroad  Company  use  signaling  system  of  Saxby  A,  Farmer,  London,  England . . .  468 

Pereira,  Mario,  &  Co.  (Pisa,  Italy),  sulphur,  bisulphide  of  carbon   93 

Perm,  Government  of  (European  Russia) — 
mining  industry — 

coal 258 

copper 253 

gold 249 

graphite 269 

iron        256 

chromic 259 

nickel 254 

platinum 252 

Perret,  £.  (Paris,  France)— 

amorphous  quinine 117 

X>epsin,  pancreatic  preparations,  bromide  of  camphor,  crude  quinium 120 

pepsin,  x>epsin-dia8tase  121,122 

pyrites  burner 11 

rotary  furnace  for  producing  sulphurous  acid J3 

Perret,  Edward  Favre  (Switzerland),  Judge  at  the  Centennial  Exhibition,  1876,  report  on  machine- 
watch-making  in  the  United  States,  referred  to 411 

PEBSIA  (tee,  aUo,  Kasbin,  Ourmiak,  Shiraa). 

CHSmSTBT  AXD  PHABICACT— 

exhibit 1 151 

exhibitors,  number  of 7 

awards,  number  of 7 

products — 

assafcetida 151 

castor-oil  beans 151 

cumin 151 

henna 151 

mode  of  coloring  the  hair  with 151 

indigo 151 

madder 151 

mallows 151 

manna 151 

nutgalls 151 

opium 151 

pistachio  nuts 151 

reng , 151 

safifron 151 

tobacco 151 

wines 151 

PERU  («M,  alio,  Antofogasta,  Caravaya). 
Chxmistbt  and  Phabmact— 

exhibits 97,155 

products,  materials — 

cinchona 117,137,138 

coca 155 

cochineal 156 

iodine 65,78,87,155 
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PERU— Continued. 

Chemistuy  akd  Phaumacy— 
prodnots,  materials — 

saltpeter  (»e0,  olf o,  soda,  nitrate) 28^97 

aodo,  chloride 27 

nitrate 27.66k»7,156 

vanilla - 156 

manufactures — 

soda,  nitrate 37 

a  government  monopoly 27,28 

price  inoreaoed 28 

iodine,  by-product  of  soda  works K 

competition  with  European  product 56,58,78 

exports — 

cinchona  hark,  to  France 117 

iodine 66 

saltpeter 28 

soda,  nitrate,  to  Great  Britain 27 

MlNINQ  1:«DU8TBT— 

silver  production 173 

tin  deposits 296 

exports  to  Great  Britain 212,221 

Railways — 

Fairlie's  (English)  double-boiler  narrow-gage  locomotives  used  on 452*,  453 

Perugia  (Italy) — 

chemical  industry — 

asparagine 142 

Pesaro  (Italy) 

chemical  industry — 

sulphur 90 

'  PeternMnn's  MiUheUungen"  (periodical)  cited 171, 233  »•<•, 345-M) 

Petit-Bourg  (Seine-et-Oise,  France)— 
railway  apparatus  manafactured — 

portable  iron  tramway  for  mines,  farms,  foctories,  etc 457-480 

illustration  of  cars  for  mines  and  quarries  458*,  459* 

joint  in  rails 457* 

rails 457S458* 

tramway  in  operation  on  sugar  plantation 460* 

Petrie,  W.  (England),  chemical  engineer,  designed  apparatus  for  distilling  solphorio  acid 86 

P6trukov,  Government  of  (Poland,  Russia) — 
mining  industry — 

iron '. S6 

coal -• & 

Petroleum  {tee  Chemistry;  oito,  Mining). 
Petrowitz  (Auntria) — 
chemical  industry — 

sulphuric  acid 78 

Pettan  (Styria,  Austria) — 
chemical  industry — 

sulphur 75 

saltpeter 75 

Pfciffer,  utilization  in  glass  manufacture  of  residues  from  chloride  of  potassium  manufacturf*. .         31 
Pharmacie  Centrale  de  France  (Paris  and  Saint  Denis),  mannfsctnre  of  general  obemioals, 

pharmaceutical  confectionery,  proprietary  articles , 118, 119, 12D 

PHARMACY.    [NoTB. — Fareonvenimheeqfr^erenee,  pharmaceutical mattert are ifuiuded under 

the  head  o/ Chemistry  and  Pharmacy.] 
Pharmacy,  "Elegant"  {see  Chemistry:  manufactures,  etc.). 
Phelps,  N.  Y.— 

chemical  industry — 

oil  of  peppermint ir< 

Philadelphia,  Pa— 

c  b  emical  industry 98 

ammonia,  sulphate 96,161 
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Philadelphia,  Pa.— Continued, 
chemical  indoBtry — 

amyl,  nitrate 157,101 

berberine,  aalte 100,157 

borax 160 

camphor,  monobromide 09,157,161 

colors 98 

coamoline 161,102 

elixin • 158 

extracts 157 

glycerine 99 

glycyrrhizine 160 

iron,  dialyzed 158 

jervia 160 

licorice-root  extract 160 

oil 98 

for  sewing-machines 159 

pepsin '.         158 

petroleum 98 

pharmaceutical  articles 98 

X>erfume8 98 

pills 157,158 

sugar 157,158 

potash,  prussiate 99,161 

powders 158 

soap 98,160 

vegetable  maUria  mediea  of  the  United  States,  collection  by  the  Philadelphia  College 

of  Pharmacy 157,158 

mann&cturea— 

watch-cases 405 

railway  apparatus  manufactured— 

street-cars 461 

cast-iron  car-wheehi 460 

Philadelphia  and  Heading  Bailroad  Company,  anthracite-burning  freight  locomotive  exhibited.         460 
Philadelphia  College  of  Pharmacy  (Philadelphia,  Pa.)— 

collection  of  entire  vegetable  materia  m«diea  of  United  States 157,159,162 

presented  to  the  ificole  Sui>6rieure  de  Pharmacie  de  Paris 157 

Philadelphia  Exhibition  (ses  International  Exhibitions). 
Philippeville  (Belgium)— 

pyrites  mines 80 

Phillips,  J.  A.  (Widnes,  Enghind)— 

investigations  of  copper  extraction  from  pyrites   204 

silver  from  pyrites 209  note 

estimate  of  zinc  production 214 

his  "Mining  and  Metallurgy  of  Gold  and  Silver"  cited 231,345 

PhcBnicians  (ancient) — 

mining  operations  in  Portugal 323 

Phosphates  (tee  Chemistry;  oteo.  Mining). 

Phrabat  Somdetja  Phra  Paraminthara  Maha  l^oula  Langkarana  Bodlnthara  Theplieja  Maha 
Mangkut  Bnrus^Ja  Batanar&tschil  Bauiuongsa  Uarutama  Phougsa  Bariphat  Varakati\ja 
Batchanika  Bodom  Ijaturan  ta  Taborom  MahA  Tjakraphan  di  Ratscha  Sangk^sa  Boroma 
Fhammilca  Malia  Ratscha  thi  ratscha  Boroma  Naratha  Bophitara  Phra  tjula  Tjoam  Klau 

l^aujuHua,  KingofSiam,  exhibit  by 150,151 

Phthiotide  (Greece)— 
mining  industry — 

copper 330 

Phylloxera  (see,  alto,  Agriculture) — 

ruining  the  vineyards  of  France 79 

chemical  preparations  for  the  destruction  of 78, 79, 83 

Piat,  A.  C.  (Paris,  France),  machine  for  cutting  helicoidal  teeth  for  gearing 305 

Pictet  Ice  Company,  method  of  manufacturing  artificial  ice 25 

shown  in  si>ecial  building  at  the  Exposition 25 

Piedmont  (tee  Italy:  provinces). 
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PigBb 

Pierre-B^nite  (France)— 
chemical  indnstxy — 

chloroform 71 

ether *. 79 

potash,  caustic 79 

potassa,  bichromate 79 

potassium,  sulphide 79 

soda 79 

Pilsen  (Bohemia,  Austria^— 

vitriol-slate  deposits 23 

Pirano  (Istria,  Austria) — 
chemical  industry- 
bromine  75 

chloride  of  lime 75 

salts  fi-om  sea-water 75 

soda 75 

sulphuric  acid 75 

Pirz,  Antony  (Long  Island  Cit3',N.Y.),  acetate  of  lead IM^lSl 

Pisa  (Italy)— 

chemical  industry — 

carbon,  bisulphide 83 

sulphur 93 

Pisagna  Bailway  (Peru) — 

Fairlie's  (English)  double-bogie  narrow-gage  locomotive  used  on 453, 45i 

illustration  of 452* 

Pitch  (see  Chemistry ;  tUgo,  Forestry),  replacing  tar  in  artificial  ftiel 187 

Planedda  (Sardinia,  Italy) — 
mining  industry — 

zinc  809,311 

Planu  Sartu  (Sardinia,  Italy)— 
mining  industry — 

zinc 308, 310, 3U 

Platinum  (se^-  Chemistry;  aito,  Metal- working ;  aUo,  Mining). 

Pohl,  method  of  couccutrating  brines  for  sulphate  of  soda  manufacture 35  noU 

Poland  (see  Russia :  provinces). 

PoUak,  J.  (Vienna,  Austria),  fruit  essences 109 

Pomarfio  (Portugal) — 

I>ort  constructed  on  the  Ouadiana  Biver,  for  exportation  of  copper  pyrites  from  Saint  Do- 

mingos  mine 328, 329 

destruction  of,  by  flood  (187G).  and  reconstruction 329 

Pommior  &  Co.  (Gcnnevilliors,  France),  sulphate  of  alumina,  alum 87 

Pondichorry  (««0  France:  colonies:  India). 

Poncgrdtz  (£.),Son,  &Co.  (Biala, Silesia,  Austria), essences 110 

Pont  rAbb6  (FinistAre,  France), 
chemical  industry- 
bromide 83 

chloride .^ 83 

iodide 83 

potash 83 

sodium,  chloride 83 

Pont-sur-Sambre  (Nord,  France) — 
machinery  manufacture — 

drills,  punches,  shears,  etc.,  for  metal- working 396 

Pood,  Bussian  weight  (=  86.1131  pounds),  definition  of 248 

Porcelain  (see  Ceramics). 

Porion,  E.  CWardrecques,  France),  salts  fi*om  residues  of  alcohol  manuflACtare 83 

PouTEii,  William  T.,  Additional  Commissioner,  Beport  on  Machines  and  Machine  Tool£..  388,402 
Port  Madoc  (Wales)— 

narrow-gago  railway  to  Festiniog 455''i57 

Porto  (Portugal) — 
mining  industry — 

tin 
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POBTTTGAL  (fM,  alto,  Aloaoer-do-Sal,  Orandola,  Porto, 

A^tutral,  Leira,  Saint  Domingos, 

Baeroos,  Mertola,  YaUengo, 

Boasaco,  Palhal,  Villa  Heal). 

Evora  Pomarfto, 

Chkmibtrt  axd  Phabmact— 

exhibit 149,150 

exhibitors,  number  of 7 

awards,  number  of 7 

prodacts— 

beeswax 149 

honey 149 

oUveoU 149 

pyrites 9,13 

mineral  waters 149 

snlphor 0 

wines 149 

Dooro 149 

Madeira 149 

Port 149 

exports — 

wines  to  Great  Britain 149,160 

United  States 149,150 

mannfiaotares 331 

FOBRSTBT— 

encalyptas  acclimated 331 

accidental  preservation  of  timber- work  in  ancient  Roman  mines  by  presence  of  cnpric 

sulphate * 324  no/i? 

Machi2(SBT  (indnding  tools,  implements,  appliances,  processes)— 
metal-working— 

pyrites —  • 

excluded  by  popular  sentiment 827 

steun  engines  used  in  mines — 

hoisting 326,327,329 

pumping 327 

iilXINO  IKDUBTBIBS— 

report  on.  318-331 

geological  formation 318,322,323 

ancientworks 318,825,330 

of  the  Carthaginians 323 

Pbenicians 333 

Romans 323, 324, 325 

archasological  remains 323, 324 

controlled  by  the  government 318, 319 

administration  by  district  inspc-ctors ■ —         810 

patent  grants  to  individuals 318, 319 

taxes  upon  concessions 818,319 

mining  law  of  1852 318,819 

promoted  by  the  government 319, 326, 331 

coal- 
anthracite 320 

not  worked  steadily 828 

imported  from  England 328 

copper 319,321 

iron 319,321 

lead 319,821 

pyrites 322-3G1 

British  works  at  the  mine  of  Saint  Qomingos  {see  Saint  Domingos). 

chief  supply  of  the  British  industry 322 

salt '. 320 

tin 320,321 

Einc 320 

operatives — 

wages., 325 

provision  against  mining  accidents 8^ 
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POUTUG  A  L— Continued. 

MnnNO  lNDU8TRIE»— 

oi)erative8— 

provision  fortho  wellareof 880 

prodnction  and  consnmption —  • 

antimony 320,3^ 

brass 321 

clay 320 

coal 320,328 

anthracite ^ 

lignite 319,320 

cobalt 320 

copper 319,321 

galena 319.320 

gold 321 

iron 319,320,321 

lead 223,310,321 

lime,  phosphates  — » 321 

manganese 330,321 

marble 320 

nickel 330 

platinum ZSl 

pyrites 9,13,214,224,322-331 

quicksilver •• 321 

salt 261,320 

silver 319,320,321 

slate 320 

steel 321 

tin 212,238,320.321 

zinc 330.321 

exports — 

brass 321 

copper 321 

gold 321 

iron 321 

lead 321 

to  Great  Britain 223 

lime,  phosphates 321 

manganese 321 

pyrites — 

to  Great  Britain 13,214,224,322 

quicksilver 321 

salt 330 

toBussia 361 

silver 321 

steel 321 

tin 321 

to  Great  Britain 212 

zinc 821 

imports — 
coal — 

from  Great  Britain 828 

Potassium,  ferro-cyanide  (=  yellow  prussiate)  (M0,  alao,  Chemistry:  products). 

consumption  in  America  and  Europe 61 

Poulenc  &  Wittmann  (Paris,  France),  salts,  bismuth,  photographic  chemicals 85 

permanganate  of  jjotassa,  preparations  of  sodium,  iodine,  etc 121 

Powder  (iee,  aUo,  Chemistry:  materials,  etc.;  alto,  Mining). 

introduction  of,  stimulated  mining  industry  in  France 174 

Powell,  T.  &  T.  (Rouen,  Franco)— 

vertical  "Woolf  steam-engine 371, 372 

illustrations 371* 

Piii;ruo  (Bohemia,  Austria) — 

rlicmical  industry. 73 

perfumes IIO 

rose-water • 110 
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Pragae  (Bohemia,  Anstria)— Continued 
chemical  indnttiy — 

salts 110 

soap 110 

soda 73 

sulphuric  acid 78 

wax 110 

Praog,  M.  ( Bamaoul,  Siberia,  Russia) ,  soda 06 

Pribram  (Bohemia,  Austria)— 

mining  industry 296-300 

galena 297,290 

iron 297,299 

lead 293,298,299,300 

litharge 300 

sflver .  ...297.298,300 

sine  blende 297 

machines  employed 298,299 

operatives,  number  of 299 

provision  for  the  welfare  of 299 

Pritchett,  botanical  exploration  of  Central  Peru,  for  transplantation  of  cinchona  to  India 137 

Prochaska,  F.  ( Prague,  Bohemia,  Austria),  x>erf ames,  soap 110 

PROTECTIVE  LEGISLATION— 
chemical  industry — 

in  Franco 8 

SicQy— 

export  duty  on  sulphur  occasioned  invention  in  England  (1835)  of  process  of  ex- 
tracting sulphuric  acid  from  pyrites 207 

Providence,  R.  I. — 

machinery  manufacture^ 

emery-wheels 397 

gages,  squares,  rules,  etc 397 

gearcutters 397 

machine  tools 397 

Prud'homme  (Mulbouse,  Alsace,  Oermany ),  report  on  properties  of  alizarine  blue  quoted 100-108 

Prussia  (gee  Germany). 

Pullman  Palac«  Car  ComiMuay  (Chicago,  HI.),  sleeping-car  exhibited 445, 447, 460 

Pulnoy  Hilla  (British  India)—  ^ 

forestry — 

cinchona  cultivation   138 

Pumping  engines  («e«  Machinery :  engines). 
Puteaux  (France) — 
chemical  industry — 

soda 44 

Putz,  method  of  producing  benzoic  acid 64 

Pyrites  («ee  Chemistry ;  aZ«o,  Metal- working ;  ai«o.  Mining). 
Pyromorphite  («e«  Metal- working ;  aZ»o,  Mining) . 

phosphate  of  lead,  definition  of 282 

Quebec  («00  Great  Britain:  colonics:  Canada). 
Qued  Mesaebnoun  (Algiers,  Algeria) — 

iron  mines '. 189 

Queensland  («<re  Great  Britain :  colonies:  Australia). 

Qu6vy  (Belgium) —  > 

mining  industry — 

iron 380 

Qaicksilver  (see  Mining). 
Quidvrain  (Belgium)— 

mining  industry — 

coal 273 

Quintal  (=220.5  pounds),  definition  of J lUO  noU 

Badom,  Government  of  (Poland,  Russia)— 
mining  industry — 

iron 286 
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RAILWAYS  (including  apparatus,  material,  fixtures) — 

[X0TB.~2^  exhibit  0/  railtoay  appartitut  i»  indexed  in  d§UxU  under  the  HfUt  of  tks  prinetpol 
€xhibiiing  eountriee,  viz : 

Austria-Hungry,  France,  Great  Britain. 

TJie  other  exhibitinff  countries  were : 
Belgium,  Sweden,  United  States.! 

Italy,  Switzerland, 

Bepobt  on  Hailwat  Apparatus,  by  William  A.  AirixBBsoic 417-M9 

classification  of  exhibit  8  (Group  VI,  Class  64) 418 

illustrations  to  the  report- 
Plate  I. — Locomotive  and  tender :  Western  Railway  Company  of  France 432* 

Platen. — Express  looomotiTe  and  tender:  Soci6t6  de  Construction  des  Eatignolles, 

Paris,  France 434» 

Plate  m. — Heavy  passenger  locomotive  -.  Paris,  Lyons,  and  Mediterranean  RaUway 

Company,  France 43t* 

Plate  rV. — ^Locomotive  for  passenger  or  freight  service :  Austrian  State  Railway 

Company 440* 

Plate  V. — ^Locomotive  for  passenger  and  mixed  trains :  Theiss  Railway  Company, 

Austria 442* 

Plate  yi.^£xpre8s  locomotivo :  Sharp,  Stewart,  Sc  Co.,  Manchester,  England 444* 

Plate  Tn. — ^First-class  passenger  coach :  Western  Railway  Company  of  France  . . .       448* 

Plate  YIIL— Sleeping-car :  Austrian  State  Railway  Company 448* 

Plate  IX. — Saddle-tank,  narrow-gage  locomotive :  Black,  Hawthorn,  &,  Co.,  Gates- 

head-upon-Tyne,  England 450* 

Figure  1. — ^First-class  passenger  coach :  Austrian  State  Railway  Company  448* 

Figure  2. — Second-class  passenger  coach :  Austrian  State  Railway  Company 448* 

Figure  3. — Third-class  passenger  coach :  Austrian  State  Railway  Company 448* 

Figure  4. — Ordinary  covered  freight-car :  Austrian  State  Railway  CompMiy 448* 

Figure  5. — Double-boiler,  double-bogie,  narrow-gage  locomotive:  FaJrlie  Engine  and 

RollingStock  Compuiy,  Bristol,  England '. 458* 

Figure  6.— Section  of  roil  for  portable  tramways :  Decauville,  Petit-Bonrg,  France.       457* 

Figure?.— Joint,  for  the  same 457* 

Figures. — Tramway  and  cars  for  mines:  the  same 458* 

Figure  9. — Tramway  car  for  mines :  the  same 459* 

Figure  10. — Tramway  for  sugar  plantations :  the  snme  4(»* 

Figure  11. — Section  of  compresacd-air  tramway  motor:  Soci6t6  G6n6ra1e  dcs  Mo- 

^  tenrsfi  Air  Comprim6,  Paris,  France 482* 

Figure  12. — Car  with  motor  attached :  the  same 468* 

Figure  13.— Ordinary  car  drawn  by  motor :  thesame 464* 

Figure  14. — Compressed-air  motor  and  street-oar:  Compagnio  Continentale  d'Ex- 

ploitation  des  Locomotives  sana  Foyers,  Paris,  France 465* 

recent  improvements  in  apparatus  and  material 419, 420,421 

steel  replacing  iron,  in  construction 420, 424,  ISi 

iron  replacing  wood,  in  framing  cars 42i»,448»448 

oroes-ties  preserved  against  decay 424^^ 

of  metal 424 

signalling  systems 422,424,487,466 

automatic  brakes 446, 4Gd,  467, 4C8 

systems  and  equipments 421-430 

Austria-Hungary 427,428 

stiktistics 427 

production  of  material 427,428 

France 425-427 

statistics 424,427 

details  of  construction 425^  42i 

Germany — 

no  exhibit 423 

exceUenco  of  management 423 

Great  Britain 428-430 

statistics 429 

substantial  constmction ti2,4N 

United  States- 
methods  different  frt)m  European   421-423 

roads,  length  of 421,422 
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RATLWAYS-Continned. 
systems  and  eqni]>ments— 
United  States - 

methods  different  from  European- 
rapid  oonstmction  421 

character  of  permanent  way 422,428 

oars,  construction  of 422 

class  distinctions 423 

through  tickets 421 

checks  for  baggage 421,422 

signal  systems 422 

gages- 
controversy  concerning 440, 450 

standard  (4' 8J"  and  4' 9") , 449 

advantages  of 480 

suitable  for  trunk-lines 454 

narrow  (1  meter  =  39.371",  or  less) ...449,450,454 

advantages  of 450 

small  cost 450,454,455 

adapted  to  thinly  settled  countries 450 

sharp  curves  and  heavy  grades 450, 453 

suitable  to  be  auxiliaries  to  trunk  lines -. 450 

laaterial  and  rolling-stock  exhibited  (standard  ;^age) 430-469 

France,  exhibit  of 430,431 

information  withheld 431 

locomotives 431-445 

Austria-Hungary 437, 442 

speci>dly  adapted  to  inferior  coal 437, 438, 439, 440 

manufacture  of 428 

illustrations 440*,  442* 

classes 438 

France 431-437 

recent  improvements 425 

illustrations 432*,  434*.  436* 

Great  Britain 44^-445 

illastration 444* 

United  States 469 

cars 445-449 

countries  exhibiting 445 

Austria-Hungary 445, 447-449 

passenger  car,  first-class 447, 448* 

second  -class 448* 

third-class 448* 

sleeping-car 448*,  449 

postal  car 447 

freight  cars 448* 

^  France 445-447 

first-class  passenger  car 445, 446*,  447 

salon  cars 447 

United  SUtes— 

sleeping-car 447,449,469 

narrow-gage  material  and  rolling  stock 451-457 

locomotives 451-454 

Austria-Hungary 451 

Belgium 451 

GreatBritain 451-454 

saddle-tank  engine 445, 450*,  451 

double-boUer  double-bogie  engine 451, 452*,  453, 454 

generally  adopted 452,453,456 

equipment  of  road  to  Dinros  quarries,  Wales  453-457 

engineering  difficulties 455 

cost 455 

locomotives 456 

passenger  cars 456 

41  P  E — VOL  4 
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^xamways,  Btxeet  railways — 
France— 

Decauville's  portable  tramway  for  mines,  agricaltnralt  forest  use,  ete 457-439 

illustrations  of  rails,  oars,  etc 457*,  458*,  45»*,  490* 

streetcars 458,466 

constmction 459-461 

compressed-air  motors  for  propelling 461, 462*,  463*,  46t*,465*,466 

advantages  of 462, 496 

United  States- 
street  cars 461 

mining  railways^ 
Anstria-Hongary — 

in  Idria  mines : 302 

Pribram  mines 296 

locomotives  for 437 

France— 

Decaaville's  tramway  and  cars 457, 458*,  459' 

M6kar8ki's  compressed-air  locomotive 461 

cars  drawn  by  endless  chain  at  Anzin  mines 183 

Portngal— 

in  Saint  DomiDgos  mines 326,327,328,329 

KainfaU- 

importance  to  mining  indostries 23B 

affected  by  moantain  chains 229 

Rand,  boring  apparatns  for  prospecting  for  ores 228 

Ransomes,  Sims,  &  Head  (Ipswich,  England)-^ 

tree-felling  steam-engine 383,384 

perspective  view 383* 

Rasteray eff,  6.  S.  (Saint  Petersborg,  Russia),  acids,  alkalies,  salts,  etc 95 

Raymond,  Rossiter  W.  (Now  York),  his  "Mineral  Resources  of  the  States  west  of  the  Rocky 
Mountains;"  '*  Statistics  of  Mines  and  Mining,"  etc.;  *' Silver  and  Gold;"  "  Production  of 

Silver  and  Gold  in  the  United  States,"  etc.,  cited 235,345^351,352.353 

United  States  Commissioner  of  Mining  Statistics 351 

Readman,  James  Burgess  (Glasgow,  Scotland),  soda,  citric  acid,  phosphoms 91,  in 

Relmer,  method  of  producing  vanillin 70,71 

Reims  (France.-— 

chemical  industry- 
salts  from  suint  of  wool  fi 

potash  from  the  same 83 

extracts  ftom  flowers,  for  perfumery 117 

Renard,  O.  (Marseilles,  France),  sulphur 78 

"  Report  and  Accompanying  Documents  of  the  United  States  Monetary  Commisslcm"  cited.  .345, 357, 358 
"Report  of  the  Select  Committee  [of  the  British  Parliament  J  on  Depreciation  of  Silver" 

cited 345,352,357 

Reschicza  (Hungary) — 

railroad  apparatus  manufactured — 

St  eel  boiler  plates 4<1 

parts  of  locomotives ^2 

ResolaBros.  (Spain),  sulphuric  and  nitric  acids,  sodu 96 

Restorff,  Bettmann,  &  Co.  (New  York  City),  leather  dressing  and  bronzing 160 

Reunion  {see  France:  colonies). 
Rhode  Inland  («ee  United  States). 
Riazane,  Government  of  (European  Russia)- 
mining  industry- 
iron 256 

coal 258 

Rimini  (Italy)— 

chemical  industry — 

sulphur ~ 93 

Ringerike  (Norway)— 
mining- 
nickel 388 

Rio  (Elba,  Italy)— 

port  of  shipment  for  iron -.  ^ 36* 
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Rio-Tinto  (Spain)— 

ancient  Boman  mlDing  remaiiw 828 

Bhodiam  (iM  Metal-working ;  aitOt  Mining). 

Bichardaon  (John)  &  Co.  (Leicester,  England),  pills 180 

Bichthofen,  F.  von  (Oermany),  his  "2>m  MetaU-ProdukHon  Oaiffomitni  und  der  angremenden 

Lander'' died   346,347,848,849 

Rider,  valve-gear  for  engines 380 

Bigaad  &.  Dosart  (Paris,  France),  elegant  pharmaceatioal  preparations  in  variety 120 

Bimmel,  Engene  (London,  England),  nse  of  oils  from  enoalyptos  in  perftunery 185 

Bobbins,  R  E.  (New  York  City),  promoter  of  machine-manaflAotare  of  watches 409 

Bobertett  P.  (Paris,  France),  solid  oil  of  roses 116 

Bocoa,Panl  (Trieste,  Austria),  pills 109 

Boccatederighi  (Tnsoany,  Italy)  — 
mining  hidnstrj' — 

copper , 308 

Roche-la-Molidre  (France)— 

early  coal  mining  (1321) .^ 178 

Bocourt  (France) — 
chemical  industry — 

alcohol 88 

by-prodacts — 

potash 88 

aalta 83 

soda 88 

Boeraas,  or  Boeros  (Norway)-— 
mining — 

copper 288 

Bogelet,  Hoozean,  &  Co.  (Beima,  France),  potash,  salts  from  saint  of  wool 83 

BoUand  (Pnteanx,  France),  ammonia>soda  man n factoring  process 44 

BoUing-stock  (§ee  Bail  ways). 

Romagna  Sulphur  Company  (Bologna,  ItiJy),  aulphnr 93 

Bomans  (ancient)— 

mining  operations  in  Elba 308 

France  (Gaul) 174 

Greece  (at  Laurium) 83G 

Portugal  (at  Saint  Domingos) 323,324 

archaeological  remains 324 

Spain 323,324 

Bomsdalen  (Norway)— 
fishery — 

cod 148,147,148 

Boques,  A.  (Paris.  France),  camphor,  iodine,  bromine 83 

Rorschach  (Switzerland)— 
chemical  industry — 

leather-dressing 158 

Bose,  H.  J.  (Toronto.  Canada),  chemical  products 77, 112 

B5sler,A.  (Aussig,  Austria),  camphor Ill 

Bossnits  (Austria)- 

coal  mines 437 

bad  quality  of,  necessitates  mixture  with  other  coals 437, 438 

special  form  of  fire-box  on  locomotive 437, 438, 439 

yields  bad  coke 488 

Bothenhliusler  (Rorschach,  Switzerland),  oil  for  Russia  leather 158 

Roubaix  (France)— 
chemical  industry — 

potash 79 

Kouen  <  France)— 

chemical  industry- 
chloral : 117 

chloroform 117 

ether UT 

soda 79 

sulphur,  sulphuric  acid 11 

snperphosphatea 79 

taimin 117 
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Ilouen  (France) — ContinaecL 
maobinery  mftmifactnre— 

steam  engines 871*,t72 

ROUMANIA— 

MiNiNQ  Industries— 

exports:  salt  to  Kossia 261 

steel  to  Russia 261 

Roore-Bertrand  Fils  (Grasse,  France),  perftunes,  pomades 115, 116 

yaseline 116 

Roxbury,  Mass. — 
manofactures — 

maobine-made  watcbes 409 

works  of  Boston  Watcb  Company  removed  to  Waltbam,  Mass.  (tohieh  see). 

Royal  Hungarian  Iron  Works  (Brazowa,  Hungary),  boiler-plates,  parts  of  locomotives 442 

"  Royaume  de  Suede,  ExpoeS  StatisHque,"  cited 262 

Rozsnyay,  M&tyAs  (Arad,  Hungary),  coniine,  medicated  confections 144 

I^nbio,  brown  iron  ore,  definition  of 317 

analysis  of 317 

Ruble,  Russian  money  (»|0.75),  definition 255 

Ruette  (Belgium) — 
mining  industry- 
iron 280 

Ruffl,  E.  (Rimini,  Italy),  sulpbur flS 

Rump,  metbod  of  obtaining  vanillin 71 

Runcorn  (England) — 
cbemical  industry- 
soda  9 

caastio 90 

sulphate 89 

Runcorn  Soap  and  Alkali  Company  (Runcorn,  England),  soda 89,90 

Rungbee  (British  India)— 
forestry — 

cinchona  cultivation 139 

RUSSIA  {see,  alto,  Bamaoul,  Kouban,  Saint  Petersburg, 

Bisersk,  Koutals,  Siv-Darias 

Daguestan,  Kuopio,  Taguilsk, 

Doubrovka,  Leal,  Varonega, 

Goroblagodatsk,  Moscow,  Warsaw, 

Kasan,  Olkusz,  Yelabong)— 

Kiev-Elisabethgrad,  Saint  Michel, 

Chbmistbt  akd  Phabmact— 

exhibit,  chemical ^96 

pharmaceutical 159 

exhibitors,  number  of 7 

awards,  number  of 7 

condition  of  the  industry 95,150 

difficulties- 
want  of  transportation 95 

accessible  coal 96 

necessity  of  importing  machinery 96 

chemists 95 

manufactures- 
acids 95 

alum 95 

caoutchouc K 

magnesia 96 

pharmaceutical  products 150 

saltpeter 95,96 

soda ^ 46.95^96 

sulphur 95 

production  and  consumption — 

acids 96.96 

caoutchouc 95 

magneslA 96 

BOda 96 
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Chemibtbt  jokd  Phabmact— 
fuel  need  in  Tnannfactnre— - 

coal  (inaoceasible) 95 

operatiTes— 

noinber  employed...^ 05.96,150 

women  as 05 

import»— 

ood-liver  oil  fh>m  Norway 148 

saltpeter  from  United  States 00 

tannin  from  Fraoce 110 

exports — 

chromate  of  iron  to  G-reat  Britain 06 

chemical  prodncts  to  Asia , 05, 06 

products,  by-prodncts,  materials — 

acids... -• 05,06 

chromic 06 

snlphoric 05 

albomen   150 

slam 05 

ammonia 06 

salts 05 

anise,  oil  of  150 

bl'>od,  albomen  from 150 

mannre 150 

caoutchouc 05 

capsules    150 

chromic  acid .' 06 

cod-liver  oil 148 

copper,  sulphate 95 

cumin,  oil  of 150 

extracts,  vegetable 1 60 

garancine 05 

glycerine 150 

iron,  chromate 06 

lead,  salts 06 

leather  dressing  150 

magnesia,  carbonate 06 

sulphate 06 

mint,  oU  of 160 

oil,  essential,  of  anise 150 

cumin 150 

mint 150 

etherial,  of  mustard 150 

pepperm  in  t 150 

potash,  chromate 06 

pyrites 06 

saltpeter .05,06,00 

salts 06 

ammonia 05 

lead 06 

tin 06 

soda 46,06 

caustic 06 

sulphate 06 

sulphates 06,06 

sulphur 05 

sulphuric  acid 96 

tannin 110 

tin,  salts 06 

Clocks  joxd  Watches— 

exhibit 406 

musical  dockf  with  figures,  etc 407 
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Machinbbt  (inclading  toolB,  implementa,  applianoea,  procesMs)- 
chemical- 
imported  from  other  conntriee 9S 

steam-engines  employed 9S 

metiJ-working — 

valneof,  in  the  empire 260 

horBe*po  wer  of 260 

fhmooesfor  copper 2S3 

iron 26«i257 

silver  and  lead 2St 

steel 257 

tin 2S8 

zinc. 2SS 

HrNiKo  Industbus— 

report  on 24740 

anthorities  foll(>wed  in 247  Mir 

condition  of  the  industry 247,248,M 

rise  and  development 247,248 

governmental  encooragement 248^260 

concessions  to  individuals 249 

co-operation  of  the  Department  of  Mines 280 

unequal  to  the  needs  of  the  country 260 

variety  of  minerals 247 

coal 247,257,258 

yield 257,258 

anthracite 257,258 

bituminous 2S7, 2S8 

lignite 257,258 

number  of  collieries 257 

sources  of  production 247,  ^ 

cobalt 247,254 

occurrence,  geological  formation 254 

yield  254 

number  of  mines 254 

metallurgical  establiahments 254 

copper 247,83 

yield 251 

number  of  mines 253 

metaUurgical  establishments 251 

ftimaoes S3 

sources  of  production 247 

gold 247,248-850 

yield 248,J« 

exploitations 248,2I» 

sources  of  production 24S;250 

mines  belonging  to  the  state 218 

individual* 248 

from  placers  248^258 

vein-mining,  littie  practiced 249,258 

graphite ». tSB 

yield » 

number  of  mines 250 

sources  of  production 250 

iron  247,258,257 

yield 258^257 

chromic 98,290 

pig 258,257 

wrought 259 

bars,  rods,  etc Km 

sheets 257 

steel  257 

number  of  mines  258^281 

blastfurnaces 238,257 

metallurgical  establishments 258^257 


INDEX.  647 

Page. 
RUSSIA-Oontixiiied. 

HUCIMO  IMDUBTBT— 

iron — 

souToes  of  prodaotioii 247,256,257 

leMl 247,252 

yield 252 

redacing  establiBhmeaito 252 

ftmuicea 252 

nickel 247,254 

oocorrence,  geological  formation 254 

yield,  metal 254 

oxide 264 

number  of  mines 254 

metalloigical  establishments 254 

petroleom 258 

yield 258 

oil 258 

number  of  artesian  wells 258 

distillation  establishments 258 

sources  of  production  258 

platinum : 247,250-252 

occurrence,  geological  formations 250, 251 

qmdity 251 

yield 251 

refining  relinquished 252 

exploitations *. 251 

salt   2» 

yield 250 

from  saline  lakes 250 

evaporation 250 

rock  salt 250 

borings 250 

sQver 247,252 

yield 252 

reducing  establishments 252 

funiaces 252 

sulphur 250,200 

yield 250,200 

sources  of  production 250,200 

refining 250 

tin 247,253 

yield J... 253 

number  of  mines 253 

metallurgical  establishments 253 

fiiinaces 258 

produced  frt>m  a  single  mine  (Viborg,  Finland) 254 

zino 247,256 

occurrence,  geological  formation 255 

yield 255 

number  of  mines 256 

metallurgical  establishments  255 

furnaces 255 

sources  of  production  247, 255 

from  surfiMW  workings 256 

subterranean  minbig 255 

operatives,  number  of 280 

machinery  in  metallurgical  establishments 260 

fti^  used  in  manufacture — 

coal 256  note,  26d 

increasing  use  of 260 

diarcoal 256  nofe 

production  and  consumption — 

coal  171,225,247,248,257,258,260,261 

anthracite 257 

bituminous 257 

lignite 257 
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MmiNO  IimUBTST— 

pTodaction  and  consamption — 

cobalt 147,tt4 

copper 222,248 

gold 173,234,247.248-250,251 

fn^phite 247,2» 

iridium 251 

iron 247,2fi«,257 

chromic  ..  96^251,259 

ore • 171 

pig 172,248,256,280,281 

wrought 172,257,280^281 

lead 172, 213, 214, 223, 247, 252, 28& 

naphtha 248 

nickel 247,254 

petroleum 258,260 

platinum 247.248,250-252 

salt 247,248,259,280,261 

sUver 173,234,247,248,252 

steel 172,257,260,281 

sulphur 247,258,280 

tin 221,247.253,254 

Einc 173.247.256,260 

exports — 

coal 260 

copper 260 

iron 260 

cast 260 

chromic 96 

wrought 260 

lead 260 

petroleum 260 

platinum 260 

salt 260 

steel 280 

zinc 260 

imports — 

coal n 260 

from  Austria , 281 

Belgium 261 

France 281 

Germany 261 

Great  Britain 225 

Italy 261 

Turkey '. 261 

copper 260 

from  Austria 261 

France 261 

Germany 261 

Great  Britain 222,261 

Ketherlonds 261 

iron 260 

frt>m  Austria 261 

France * 261 

Germany 261 

Great  Britain 261 

Italy _ 261 

Ketherlands 281 

Norway 261 

Sweden 261 

lead 260 

from  Great  Britain 23 

petroleum XO 

salt 280 
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Mnniro  Ikdustbt— 
import»— 

ftomFnnoe 281 

Oermany 261 

Great  Britain 261 

Italy 261 

Norway 261 

Portugal 261 

Bonmanto 261 

Spain 261 

Sweden 261 

■teel 200 

fhnn  France 261 

Oermany 261 

Ozeat  Britain 261 

Netherlands 261 

Norway 261 

iin«  from  Great  Brtoin 221 

sine 260 

PBOVINCES— 
CAUCASUS— 

Mnrofo  AifD  Hctallubot— 

ooal 268 

bitumiooiia 258 

lignite 258 

production 258 

cobalt 254 

pTodaction 254 

mines 254 

metallorgioal  ettablishmenU 254 

copper 247 

production 253 

metallorgical  eatabliahments 253 

lead 252 

prodaction 252 

metallurgical  establiahment 262 

petroleum 258 

production 258 

silver 252 

production 252 

metallurgical  establishment 252 

sulphur 260 

EUBOPEAN  RUSSIA— 

linnxo  jlxd  Mxtallubot— 

ooal 258 

lignite : 258 

bituminous 258 

production 258 

copper 253 

production 253 

number  of  metallorgical  establishments 253 

gold 249 

production 249 

number  of  exploitations 249 

iron 256 

prod  uction 256, 257 

number  of  metallurgical  establishments 256 

blastfurnaces 256 

Ironi  chromic 250 

production 250 

number  of  mines , 250 


650  INDEX. 

Page. 
BIT8SIA— Oontiniied. 
PROVINCES- 
FINLAND,  GRAND  DUCHY  OF  (m<,  alto,  Abo)— 
Mncnio  asd  Mvtallubot— 

copper M7 

prodactioD 29S 

metaUnrgioal  establishment 2S1 

gold 2I» 

prodaotkm Stt 

nmnber  of  exploitations 248 

iron 217 

prodoction 257 

metallurgical  establishments 257 

blastfurnaces 2S7 

tin  (only mine  in  RnssU) 2«7,2Sa^254 

prodaction 2SI 

nombei  of  mines 258 

metaUnrgioal  establishments 251 

ftimaoes 251 

KIRGHESB  DISTRICT— 
MiKnro  AXD  Mbtalluboy— 

coal 258 

prodaction 256 

copper 217 

product^n 25i 

metall  nrgical  establishments 251 

gold 24» 

prodaction 2tf 

naml>er  of  exploitations 249 

graphite 251 

petroleum 256 

POLAND— 

MUfUlO  AMD  Mbtallubot— 

coal : 258 

bitaminoas 258 

lignite 258 

production 258 

iron 247 

production 2S<,287 

metaJlnrgical  establishments tBA,tSl 

blast  furnaces 2S6»257 

sulphur 258 

mine 258 

refinery 258 

Bine 2#7,256 

occurrence 265 

production , 255 

number  of  mines 255 

metallurgical  establishments 255 

ftimaces « ,. ^_.  2P5 

SIBERIA— 

Chbmibtbt  ahi)  Pharmacy— 
materisla— 

ohromate  of  iron 18 

used  in  Russia 18 

exported  to  En;;land 88 

sulphate  of  soda  deposits 88 

HiMIMO  AMD  MSTALLUBOT— 

coal 2S8 

production 258 

copper 251 

production 253 

metallurgical  establishment 258 

gold 288 

production ^...^^ ^ 248 


INDEX.  651 

BUBSIA— Comtinned. 
PE0VINCB8- 
8IBBRIA— 

Mnmio  AMD  Mbtallubot— 
gold— 

number  of  exploitationt 249 

iron 257 

production 257 

metoUurgioal  ettftblithments 257 

blast  f amaces 257 

lead 252 

production 252 

number  of  metallnrgioal  eatabUahments 252 

aUrer .^ 252 

production 252 

,     number  of  metalinrgioaleatablishmenta 252 

Bnaao-Amerioan  Caontchouo  Manafiu3turing  Company  (Saint  Petersburg,  Rnaaia),  india-rub- 
ber manufaoturea ^ 06 

Bathenium  {tee  Metal- working;  aUo^  Mining). 

Saeteredal  (Norway)— 
mining- 
copper 268 

Safflron,  dye-stufC;  grown  in  France 113 

S&gmyra  (Dalecailia,  Sweden)— 
mining  induatry — 

nickel 285 

Snint  Bel  (France)— 
chemical  induatry— 

pyritea « 81 

Saint  Denia  (France)— 
chemical  industry— 

caustic  alkalies 87 

drug-powdering  mills 119, 120 

oxalic  acid 08 

potaasium^  cyanide 87 

prussiate 87 

tin,  salts 87 

Saint  Domingos  (Portugal)— 
mining  industry- 
copper  pyrites 320,322-381 

workings  of  the  ancient  Bomana 323, 324 

Phceniclans 328 

Carthaginians 323 

modem  workings 324-327 

machinery  and  applisnoes 325-327 

transportation,  exportation 326-^20 

oonatruction  of  a  port  at  PomarSo,  on  Guadina  River 328, 329 

operativea,  dwellings  for,  etc 330 

provision  for  the  wel&re  of 330, 331 

conducted  by  English  capitalists 831 

Saint  Gobain  (France) — 
chemical  induatiy— 

alum 81 

potash 81 

soda 81 

aulphuiic  acid 81 

glass  manufacture  81 

Saint  Leonard  (Belgium)— 
mining  induatry— 

sine 286 

ftimaoea 286 

Saint  Louis  (Senegal)— 
chemical  indurtry^ 

▼ettiver .„ 124 
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Saint  Michel  (Finland,  BoBsiA)— 
mining  indnBtry— 

iron J57 

Sainte  Marie  (Oise,  France) — 
mining  industry — 

loIling-millB S87 

Saint  Petersborg  (Rnsaia)— 
chemical  indostry— 

acids 85,96 

albumen 160 

alkalies 95 

ammonia 95 

blood,  dried,  as  manure 150 

citrates 95 

lead  salts.. 96 

saltpeter t 95 

soda 96 

sulphates • 85,96 

sulphur 95 

tin  salts 96 

manufactures— 

india-rubber  goods 85 

mining  and  metallurgy — 

nickel  refining  at  the  mints 252 

Imperial  Botanical  Garden — 

exhibit  of  vegetable  pharmaceutical  preparations 150 

Saint  Pierre  («e«  France:  colonies). 

Saint  BoUox  Chemical  Works  (Glasgow,  Scotland)  (see  Tennant  A^  Co.). 
Saint  Saulve-los- Valenciennes  (France) — 
chemical  industry- 
potash  from  beet-root  sugar  residues 83 

carbonate 83 

potassium,  chloride »..         83 

soda 83 

Sala  (Sweden)— 

mining  industry — 

lead 265 

silver  from  lead  ores 266 

primitive  appliances 266 

Salindres  (France)— 
chemioiJ  industry — 

aluminium 81,85 

lime,  chloride 84 

phosphate 84 

potash 84 

soda 8* 

sulphur 84 

Salt  {»ee  Chemistry ;  a2to,  Mining). 
SALVADOIU- 

CHE&nSTBT  ASD  PHABICACT— 

exhibit 155 

products— 

baumei  du  Salv€idor 155 

cochineal 155 

oocoanutoil 155 

indigo 155 

mineral  waters 156 

quina  du  Salvador 156 

resins 156 

•  wax 155 

Solsbnrg  (Austria) — 
mining  industry- 
copper 888 

salt '. 296 
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Sandbaok  (EngUud)— 
cbemioal  indnatiy — 

BodA 40 

Sanders,  Dr.  IL  (Amsterdam,  Netheriands),  peptone 140,141 

San  Franoiaoo,  CaL — 
mining  industry — 

shipments  of  bullion  firom 340,350 

gold 34fl,347,a50 

sllTer •. 350 

to  China 350 

England 350 

Jaimn 350 

Now  York 350 

Panama 350 

"  San  Francisco  Mining  and  Scientific  Press  ",  description  of  tin-mining  processes 342 

Santander,  Province  of  (Spain) — 
mining  industry — 

lignite 314 

sine 313,814 

Sapphires  (Me  Mining). 


mining  operations  in  the  Alps , 174 

Pyrenees 174 

Sardinia  (ms  Italy). 

Sarg  (F.  a.),  Son,  &  Co.  (Vienna,  Austria),  glycerine  soap Ill 

Samioo  (Italy) — 

chemical  industry — 

naphthaline 142 

Sat^ot  &,  Fouchet  (Paris,  France),  oil  of  orris 116 

Saunders,  W.  (London,  Canada),  fluid  extracts,  crude  drugs 112, 128 

Savary  (J.)  &  Co.  (Neele,  France),  potash,  salts,  etc.,  extracted  from  boet-root  sugar  i-esidues. . .  83 

Savory  Sc  Moore  (London,  England),  fluid  extracts,  tinctures,  gelatine  preparations 130 

peptodyne,  pancreatic  emulsion 131 

Saxby  St.  Farmer  (Kilbum,  Loudon,  England)— 

railway  signaling  system 4<r7, 408 

exhibited  at  Centennial  Exhibition,  1870 408 

adopted  by  Pennsylvania  Bailroad  Company  408 

Saxony  (ms  Germany). 
SchaflThausen  (Switzerland) — 
chemical  industry — 

manganese,  oxide VJ 

regenerated 160 

apparatus  for 150 

Scha£her,  Dr.  Max  (Austria),  method  of  regenerating  sulphur  from  s»da  waste 40, 43, 74 

director  of  soda  works 74 

Schaflher  Sc  Helbig  (Aussig,  Bohemia,  Austria)— 

method  of  refsenerating  sulphur  from  soda  waste 40-42 

plates  illustratiDg  apparatus 42* 

description  of 42 

Schaflltaer-Mond,  method  of  regenerating  sulphur 84 

Sohalke  (Westphalia,  Germany)— 
chemical  industry- 
soda 40 

Schefler,  Emil  (Louisville,  Ky.),  orif^inator  of  soccharated  pepsin 158 

Scherbascheff,  ammonia-soda  manufacturing  process 48,40 

Scbeurer-Kcstner  (Paris,  France),  experiments  on  loss  of  platinum  in  distilling  sulphuric  acid  21 

Schiefifelln  (W.  H)  &  Co.  (New  York  City),  pills 168,150 

Schldsing  (Puteaux,  France),  anmionla-soda  manufJEU^turing  process 44 

Sohlumberger  Sc  Cerokel  (Paris,  France),  salicylic  acid,  lithium  and  other  salts 121 

Schmidl,  Sal  (Misslitz,  Moravia,  Austria),  essential  oils,  carraway  oil-cake  for  fattening  swine  .  110 

Schmidt  (Denmark),  method  of  preparing  saltpeter 28 

soda  manufacture,  materials 40^  48 

iodine  manuftMstnre 50 
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Scbneeberg  (Bohemia,  Anatria) — 
mining  indostry — 

early :  for  argentiferous  galena 905 

calchopyrite 906 

modem :  for  galena 906 

sino-blende 906 

concentration  works : 905 

geological  formation - 906 

Schneider  8l  Co.  (Crenzot,  France, — 

iron  and  steel  exhibit 94,19^420,434 

pavilion  in  the  Champ  de  Mar$ 484 

manofactarPB  in  steel 420 

steel  railfl  for  Western  lUilway  Company  of  France 41& 

locomotive  and  tender 434, 4K 

provision  for  the  welfiEkre  of  operatives 195 

Schnof  Bros.  (Uetikon,  Switzerland),  sulphuric  acid,  soda,  iron  liquor  for  silk  mannfaoiure  ...  97 

Schram,  boring  apparatus  for  prospecting  for  ores 206 

Shiitsunberger,  discoverer  of  hydrosulphurous  acid  sodium  salt 25 

Schwab,  F.C.  (Pettau,  Styria,  Austria),  sulphur,  saltpeter 75 

Schwartzwald  («m  Black  Forest). 

Sclopis  4t  Bechis  (Turin,  Italy),  sulphuric  acid 02,94 

sulphate  of  magnesia 04 

Scotland,  Scotch  {tee  Great  Britain). 

Scott,  J.C.  (Bolton,  England),  dividing  apparatus 307 

Seabury  &  Johnson  (New  York  City),  rubber  medicated  plasters.  160 

S6bastine  Manufacturing  Comi>any  (Stockholm,  Sweden),  s6bastinc,  an  explosive,  mixture  of 

nitro-glycerine,  wood  charcoal,  explosive  salts 153 

Sedan  (France)—  ' 

chemical  Industry — 

narcotic  plant  extracts 117 

Sellers,  William  (Philadelphia,  Pa.),  maker  of  machine  tools — 

unintelligent  imitation  of  his  planer  in  France .' 3K 

Sellon,  (England),  description  of  the  manufacture  and  properties  of  platinum  and  allied  metals, 

quoted 64-47 

Selwyn,  A.  R  C,  writings  on  the  coal  formation  of  Victoria,  Australia,  cited 241 

S^mipaJatinsk,  Government  of  (Kirghese,  Russia) — 
mining  industry — 

copper 268 

gold    9(9 

graphite 950 

Senegal  («e«  France:  colonies). 
Seraing  ( Belgium)— 

machinery  manufacture ...1...., ^ 

mining  industry — 

coal 275 

Serephos  (Greece) — 
mining  industry — 

iron   330 

Senillas,  E.  (Paris,  France),  method  of  extracting  aveneine  and  vanillin  ftota  the  pericarp  of 

oats 71 

Seth  Thomas  (Hock  Coraiumy  (New  York  City),  exhibit  of  clocks 405 

silver  medal  awarded 405 

Seville,  Province  of  (Spain) — 
mining  industry- 
coal 914 

Seybel,E.  (Vienna,  Austria),  manufacture  of  tartaric  acid  firom  wine  lees 75 

Seychelles  {tee  Great  Britain :  colonies). 

Seyd,  £.  (England),  estimate  of  British  silver  production 210 

Sharp,  Stewart,  &,  Co.  (Manchester,  England)— 

machines  and  tools 390 

express  locomotive 443|444 

illustration  of 444* 

Shiraz  (Persia)— 

tobacco 151 

wine* la 
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SIAM— 

Chkmistbt  and  Pharmacy— 

exhibit 150,151 

prodaoto— 

beeawsx 151 

benxoin,  resin 151 

con  tains  vanillin 71 

birds'  nests,  edible 151 

cardamom  seeds 151 

cinnamon 151 

flowers,  preseryed 151 

gnmgatta 151 

indigo 351 

lao  dye  151 

lemon  Jnioo 151 

pepper 1 51 

frittaehe*  de  Urre 151 

tamarinds 151 

tobacco 151 

Siberia  (tee  Kussia). 
Sicily  (aee  Italy). 

Siemens,  W.  (Germany),  apparatus  for  the  mannfieMsture  of  potassium  carbonate 32 

ammonia<soda  mannfiustoring  process 48 

Sierra  Nevada— 

inflnence  of,  on  rainfall  and  mining 229 

sulphur  deposits 9 

Signals  («m  Railways). 

SUesia  (»ee  Austria- Hungary :  provinces ;  dUo,  Germany :  provinces). 

Silver  (MS  Chemistry ;  a2»o.  Metal- working ;  a2»o.  Mining)— 

fluctuations  in  value 197 

coinage  limited  by  the  Latin  Union 197 

displaced  by  gold  as  a  standard  of  value   197 

circulated  by  weight  and  flneneas  in  the  East 197 

Simmering  (Lower  Austria) — 

chemical  industry 73 

saltpeter ■. 28 

soda 73 

railway  apparatos  mannfSsotnred— 

freight  cars 428 

passenger  cars ..428,447,448* 

steel  boilers  for  locomotives , 441 

sleeping-cars 448*,  449 

Singapore  {tee  Great  Britain :  colonies :  Straits  Settlements). 
Singkep  (ms  Netherlands :  colonies). 
Siv-Daria  (Turkestan,  Russia), 
mining  industry — 

coal 252 

Skalkovsky,  C,  mining  engineer,  secretary  of  the  dtmiU  Seientifique  dee  Minee  (Russia),  bis 

"TcMeawD  StaUetiqtte  de  VlnduetrU  dee  Minee  en  Rueeie ''  cited 247  note,  248 

Slate  (eee  Mining). 
Smichow  (Bohemia,  Austria). 

railway  apparatus  manufactured— 

freight  cars 428 

passenger  cars 428 

Smith  (T.  &  H.)  &  Co.  (Edinburgh,  Scotland),  preparations  of  opium 129 

.Smith's  Homceopathic  Pharmacy  (New  York  City),  globules,  alkathrepta 160 

Smithsonite,  carbonate  of  sine,  definition  of 288 

Smyth,  R  B.,  his  "  Gold  Fields  and  Mineral  Districts  of  Victoria  "  (Australia)  cited 230, 245 

Snamm  (Norway)— 
mining  industry- 
cobalt 268 

Society  Anonima  per  la  Fabbricazione  delle  Soda  (Leghorn,  Italy),  soda 93 

Soci6t6  Anonyme  d'Alominium  (France),  aluminium  wares  and  alloys 85 

Soci6tA  Anonyme  de  B6lian  (Mesvin,  Belgium),  acids,  soda,  phosphates 76 
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Soci6t6  Anonyme  de  Bleyberg-^Montzen(Be]gium)~ 
mining  products- 
galena,  lead,  zino,  etc 282,2»-288 

pumping  macUneTy 284,285 

ore-creasing  worka 2K,28S 

provision  for  the  i^eelfare  of  operativea 288 

honorable  mention,  Paris  ExpoBition,  1867 28C 

Soci6t6  Auonyme  de  Croix  (Ronbaix,  Franco),  potiish,  salts 79 

Soci6t6  Anonyme  des  Mines  de  Malfldano  (Sardinia,  Italy) 308-312 

zinc  mines  at  Genua- Arenas 300,310 

Malfldano 309-312 

Monte-Eexio  308,310 

Planedda 308,311 

Phmu-Sartu 309,310,311 

ore  roasting  fdmace  at  Buggerru 312 

production,  1866-'77 311 

operatives  employed 312 

Sooi6t6  Anonyme  des  Mines  et  Fonderies  de  Zinc  de  la  Vieille-Montagne  (Li6ge,  Belgium) 286-291 

works  and  mines  of,  in  Algeria,  at  Ain-Safra 287 

Hamman 287 

Belgium,  at  A  ngleur 286 

Baldaz-Lalore 286 

F16ne 286 

Moresnet 286 

Saint  Leonard 286 

Tilff 286 

Yalentin-Cocq 288 

Welkenraedt 288 

France,  at  Asnidres 287 

Bray 287 

Droittecourt 281 

Panchot 287 

Sainte  Marie 287 

Viviea 287 

Germany,  at  Bensberg 287 

Borbeck 287 

Mayen 287 

Oberhausen 287 

Uckerath 287 

Wlesloch 287 

Sardinia,  in  Igl6sias  district  287 

Sweden,  at  Ammeberg 265,287 

production,  1860-'77 .*...        288 

calamine 288 

coal 288 

lead 288 

sine  blende 288 

crude 288 

ores 288 

sheet 288 

white 288,291 

operatives,  number 299 

wages   289 

work  performed 289 

provision  for  the  welfare  of 289 

Soci6t6  Anonyme  des  Mines  et  CTsines  de  Sombre  et  Meuse  (Hantmont,  France),  soda  manu^MS- 

ture 80 

Soci6t6  Anonyme  des  Produits  Chimiques  du  Nord  (LiUo,  France),  products  of  soda  industry, 

manganese,  superphosphates,  salts 80 

Soci6t6  Anonyme  des  Produits  Chimiques  pour  les  Sciences  et  Tlndustrie  (Paris,  France),  r^alts, 

acids,  triphenylmethan,  benzophenon  85 

Soci6t6  Anonyme  des  Produits  Chimiques— ^tablessements  Mal6tra  (Paris,  France),  soda,  atads, 

salto 79 

Soci6t6  Anonyme  des  Soudidres  du  Griffon  (Marseilles,  France),  soda  prepared  by  ammonia 
fromgasworks 81 
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Soci6t^  dc  Constraction  dcs  Batignollcs  (Paris,  France),  express  looomotivo,  bnilt  for  the  West- 
em  Railway  Company  of  France 433, 444 

illustration  of 434* 

Soci6t4  dea  Eanx  Min6rales  de  Vidago  (Villa  Real,  Portngal),  mineral  waters 149 

Soci6t6  des  Mannfekctnres  des  Glaces  et  dos  Prodnits  Ghimi<)ues  de  Saint  Gobain,  Channv,  et 

Cirey  (France),  soda  products,  alum,  potash,  acids,  etc 81 

Soci6t6  des  Usines  de  Laurium  (Greece),  mines  of  lead,  silver,  zinc,  etc. ;  smelting- works;  ore- 
dressing 337i338 

8oci6t6  Fran9aise  des  Mines  de  Laurinra  (Greece),  mines  of  lead,  silver,  zinc,  calamine,  etc 333, 338 

Soci6t6  G6n6rale  des  Alnms  (Civita-Vocchia,  Italy),  alnm,  alamina 94 

Soci6t6  G6n6rale  des  Motcurs  &  Air  Comprim6  (Paris,  France) — 

engines  and  cars  for  street-railways 461,462,463 

iUastrations  of 462*.  463*.  464* 

locomotives  for  mines 461 

Soci6t6  G^n6rale  ponr  la  Fabrication  de  la  Dynamite  (Franco)— 

exhibit 185 

tests  of  comparative  force  of  powder,  dynamite,  dynamitc-gom,  et<5 185 

Soci6t6Hilarion.  Roax,  &,Co.— 

ondertook  resmelting  of  ancient  mining  waste  at  Lanriom,  Greece 337 

broken  up  by  rapacity  of  the  Greek  Goremment 337 

Soci6t6  Hongroise  xM>ur  le  Lavage  des  Laines  (Buda-Pest,  Hungary),  potash  from  suint  of  wool  75 

Soci6t6  Industriello  ot  Artistique  of  Monaco,  perfumers*  materials 145, 146 

Soci6t6  John  Cockcrill  {tes  Cockerill  (John)  Society). 

Soci6t6  Suisse  pour  la  Construction  de  Locomotives  etde  Machines  (Winterthur,  Switzerland) — 

horizontal  condensing  steam-engine 375, 376 

illustration 375* 

Soetbeer,  Dr.  Adolf— 

his  ''EdelmetaU^roduktion  und  WerthverhaUnii9  zwUtehen  Oold  und  SiWer"  (production 

of  precious  metals  and  relative  viJuo  of  gold  and  silver)  cited ...  171,  233  note,  234 

pai>er  on  "The  Production  of  the  Precious  Metals  in  the  United  States  "  translated  and 

quoted 345-360 

Solvay  (Ernest)  Sc  Co.  (Couillet,  Belgium,  and  Nancy,  France) — 

ammonia-soda  manufacturing  process 44, 45, 46, 49, 76 

cost  of  manufactui-o ' 46 

chlorine  manufacturing  process 61, 52 

exhibit 76 

works  and  production 76 

Solvay  &  Co.  (Varang6ville-Domba8le,  France)  soda 81 

Sondmore  (Norway)— 

cod  fishery..   146,147,148 

Soumah  (Algiers,  Algeria) — 

iron  mines 189 

SOUTH  AMERICA  («ee,  also,  Argentine  Republic.        Chili, 

Bolivia,  Pern, 

Brazil,  Venezuela) — 

CHKiriBTRT  AND  PnARMACY— 

exhibit 97,153-155,157 

exhibitors,  number  of 7 

awards,  number  of _ .  7 

materials — 

cinchona .  117 

iodine,  by-product  of  soda  works 55 

displacing  European  manufacture 55, 56, 78 

nitrate  of  sodium  deposits 27 

vanilla 69 

exports — 

cinchona  bark 117 

iodine 55 

nitrate  of  sodium 27 

to  Great  Britain 27 

saltpeter .  28 

to  Belgium. 28 

France 22 

imports — 

perfumery  from  France 116 

42  P  E— VOL  4 
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SOUTH  AMERICA— CoDliuued. 
Chkmibtry  and  Pharmacy— 

products,  by-products,  material*— 

allspice IM 

anise 154 

boro-natro-calcite SB 

caoutchouc 154 

eapii  cati,  Tooi 154 

cedar,  resin 154 

ceradilla 154 

cinchona 154 

coca 136-138, 15i,  155 

cochineal 154, 155 

copaiba •. 154 

dye-stuffs 154 

elixir  of  coca 154 

eucalyptus  preparations 154 

flaxseed 154 

guarana 154 

iodine 55,56,97,155 

jaborandi 154 

mat« , 154 

matico 154 

oil  of  potro 154 

pimianta - 154 

quebracha  resin 154 

saltpeter 28,  W 

sarsaparilla 154 

simarouba 154 

soap 154 

sodaash     W 

sodium,  chloride 27 

nitrate 27,28,55,97,155 

sulphur 97 

tanning  materials 154 

tartar,  cream  of 91 

tonqua  beans 154 

vanilla 69,155 

FOBEBTBY— 

cinchona  tree,  growth  of,  in  the  Andes 136 

Bolivia 137.138 

Colombia 137,13? 

Ecuador 137, 138 

Peru 137,138 

acclimated  in  Martinique 123 

India 13ft- 140 

Java 141 

varieties  of IS 

medicinal  use  of  (9ee  Chemistry :  cinchona,  alto,  quinine). 
Mining — 

gold  production 234 

silver  production 234 

South  Australia  (gee  Great  Britain :  colonies:  Australia). 
South  Carolina  (aee  United  States). 
■  Southall  Bros.  &  Barclay  (Birmingham,  England) — 

extracts,  chemicals  for  analytical  purposes,  principles  from  cod-liver  oil 129 

soluble  meat Ml 

SPAIN  (•ee,  ai«o,  Alicante,  Felanix,  Navarra, 

Asturias,  Gerona,  Oviedo, 

Balearic  Isles.  Guipuzcoa,  Palencia, 

Barcelona,  Haro,  Bio  Tinto, 

Bilbao,  Huclva,  Santander, 

Biscaya,  Leon,  Sevilla, 

Bollnlos,  Lerida,  Teruel, 

Castellon,  Logrofio,  Tharsis, 

Cordova,  Mnrcio,  Torrogro«a) — 
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SPAIN— Continued. 

CmUOBTRT  A^'D  Phabmact-> 

exhibit,  chemical ~ 06 

pharmaceutical 151,152 

exhibitors,  number  of 7 

awarda,  number  of 7 

condition  of  the  industry 00,151 

manufactures —  , 

cream  of  tartar,  from  wine  lees 162 

olive  oil 152 

wiues 152 

production  and  consumption— 

manpmese,  oxide  — *. 06 

pjTites : 0, 13,  OG 

salt 06 

sulphur 0, 96 

exports — 

materials  to  France 06 

Great  Britain 06 

corks 152 

fuel  used  in  manufacture — 

coal 06 

products,  by-products,  materials- 
acids — 

nitric 06 

sulphuric 06 

anise 152 

beeswax •. 152 

camomile /t(        152 

carouba 152 

oarthamns 152 

cochineal 152 

digitaline 1 52 

digitalis  i52 

ergot 152 

ergotine 152 

ether 9fl 

extract  of  licorice  root 152 

honey 152 

hops 152 

licorice  root 152 

madder 152 

manganese,  oxide 96 

peroxide 54 

mineral  waters 151 

nitric  acid 96 

olive  oil 152 

opium  162 

pyrites 9,13,15,96 

sa£fW>n 152 

salt /. 96 

soda 96 

ash 06 

sulphur 0,06 

sulphuric  acid 96 

sumac 152 

tartar,  cream  of 06, 1(^ 

wax 152 

wines 162 

woad 156 

Clocks  and  Watches— 

exhibit 406 

FOBBSTBT— 

cork,  exported  152 

euoiJyptus  acclimated  andmaloria  dispelled 184 


660  INDEX, 

Page. 
SPAIN— Continued. 

MACBmEBT— 

en^es,  steam — 

number  employed  in  coal  mines 314,315 

MiNIKO  IHDUBTHnSA— 

report  on Zl^-311 

exhibit  unsatisfactory 813 

information  wan  tin  g 313 

checked  by  CarUst  war 190,316 

stimulated  by  railway  building 190,31C 

variety  of  minerals 313 

location  of  mineral  deposits 313,314,319,320,822 

great  possible  importance 313, 815 

obstacles  to 316 

ancient  workings  by  the  Romans,  Carthaginians,  etc 323, 324 

coal 813 

location  of  deposits 314 

favorable  for  exportation • 313, 315 

mining  checked  by  political  maladministration 190, 314, 316 

area  of  deposit s 314 

production 314 

number  of  operatives  employed 314, 515 

steam  engines  employed - '314, 815 

copper 813 

location  of  mines 314 

iron 313,316,317 

excellence  of 313, 816 

location  of  mines 313,314,316 

production 318 

analysis  of  vena  dulce 3 16, 317 

campanil 318, 817 

mineral  rubio  316^  817 

lead 313 

location  of  mines 313 

desilverized  in  Great  Britain 209  nod 

quicksilver    813 

zinc 313 

location  of  mines  313,314 

production  and  consumption- 
coal 171,223,313,314,316 

anthracite 314,315 

lignite 314,315 

amount  used  in  mining  and  metallurgy : .        815 

railways 315 

^  illuminating  gas    .* .        815 

steam  navigation — navy 316 

mercaniile. .  .V 315 

general  industries 815 

cobalt - 813 

copper 222,313,814 

iron 172,176,190.281,313,314,316,317 

ore 172 

pig  172 

wrought 172 

lead 172,175,209  note,  213, 223. 313 

nickel 313 

pyrites 8,13,214,234,313,323 

salt 261 

silver 813 

steel 172 

tin /! 212 

zinc 173,176,214.234,313,814 

exports — 
copper — 

'to  Great  Britain 222 
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SPAUr— Continued. 

HiNIKO  IMDCBTBIES— 

export»— 

iron 310 

to  France 178 

Belj^nm ....         281 

lead- 
to  France .' 175 

Great  Britain .209,213,223 

pyritea— 

to  Great  Britain 13,214,224 

salt- 
to  Rnaoia 261 

tin — 

to  Great  Britain 212 

zinc— 

to  France 175 

Great  Britain 214,224 

import»— 

coal 315 

ftmn  Great  Britain 225 

PROVINCES— 
CUBA— 

F01UE8TBY— 

encalyptna  acdlmated  in 134 

dispelling  marsh  diseaaea 135 

HllflKO— 

copper :  exports  to  Great  Britain 222 

Spence,  Peter  (Manchester,  England),  alum,  alomino-ferric  cake 91 

Spencer  (England),  mnffle  furnace  for  burning  pyrites 12 

Spooner,  C.  E.,  engineer  of  narrow- gage  railway  from  Port  Madoo  to  Festiniog,  WiJes 455. 456 

Sprengel,  H.,  improvement  in  sulphuric  acid  vitriol  chambers 16 

Spruce,  liichard,  botanist ;  botanical  exploration  of  Ecuador,  for  transplantation  of  cinchona 

to  India 187 

Stabilimento  Prodotti  Chimici  (Fiume,  Hungary),  chemical  products 144 

Stanford  (Glasgow,  Scotland),  manufacture  of  iodine  from  kelp 5G 

Stark  Chemical  Works  (Bohemia,  Austria),  manufacture  of  fuming  sulphuric  acid 22, 23, 73 

Staa,  process  of  separating  alkaloids 125, 133 

Stassfurt  (Germany)— 
chemical  industry — 

borax 5P 

bromine 54 

potassium  salts 28, 29, 30-32, 54 

Douglas's  system  of  boring  for 30 

composition  of,  formula •     31 

sulphate  of  soda 33 

**Statittiqu0deVIndustrUMiniraW  cited 174f»ote,  178 nofe 

Stavanger  (Norway) — 
chemical  industry — 

soda 95 

sulphuric  acid 95 

hydrochloric  acid 95 

Steam  engines  (ms  Macliinery). 

RsroRT  ON  "Stbam  axd  Gab  £NGiNE8,"by  Axuuew  J.  Swb£XE\'  {indt^ced under ^SLchmery)  363-387 
Steel  {tee  Metal- working ;  alto.  Mining). 

Stephenson  (John)  Company  (New  York  City),  street-railway  cars 461 

Stemfels,  J.  (Leal,  Esthonia,  Russia),  oil  of  cumin 150 

Stevens,  Samuel  G.,  M.D.,  prepared  for  publication  the  REFOitT  on  "Chemical  and  Pharma- 

CBUTICAL  Pbocksbbs  AND  PREPARATIONS,''  by  Dr.  THOMAS  E.  JENKINS,  deceased 2 

Stevenson  6c  Co.  (England),  soda  manufacture 35 

Steyerdorf  (Austria) — 

coalmines .-   437,438 

mixed  with  inferior  qualities  of  Austrian  coal 437, 438, 439 

quality : 438 

yields  good  coke 438 
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Stoyennark  (Austria) — 

lignite  deposits 294 

Stockholm  (Sweden)  — 

chemical,  industry 153 

ink 153 

perfumery IS 

s6bastino  (explosive) • 158 

soap 1S3 

Stoneware  {see  Ceramics). 
Stora-Kopparberg  (Sweden) — 
chemical  industry- 
acid,  sulphudo 97 

copper,  sulphate ^t 

iron,  sulphate 87 

sulphur '. 87 

mining  industry — 

pyrites 96,87 

Stura-Kopparberg,  Mines  of  (Sweden) ,  sulphuric  aoid,  sulphates  of  iron  and  copper 96, 97 

discovery  of  selenium  by  Berzelins 97 

Straits  Settlements  (see  Great  Britain :  colonies). 
Street-cars  {see  Railways). 

St  romey or,  process  of  manufacturing  crude  soda ^ 

Stroud  (New  South  Wales,  Australia) — 
mining  industry — 

coal 242 

Strzelecki,  Count,  discovered  gold  in  Australia  (1839) 231 

Styerdorf  (Hungary) — 

coaldeposits 294 

Sue8S,E.  (Austria),  his"  Zii*u7i^r«d««GtoW«#"  cited 233,345,353 

Sulphur  {see  Chemistry;  (jUmo,  Mining). 
Sulzer  BrofK  (Winterthur,  Switzerland)— 

compound  coudensing  steam-engine 377, 3W 

perspective  view 378* 

Sumatra  («e«  Netherlands:  colonies). 

Sussurbi  (Asia-Minor),  borate  of  lime  dejKMits 56 

Svappavara  (Lapland)^- 
mining  industry — 

copper .' 284 

Swansea  ( Wales) — 
mining  industry — 

copper  ore,  price 241 

production 9)8, 204  noU 

silver  ore  manufactured 208 

zinc  ore  manufactured 214 

imported  from  Laurium,  Greece 338 

Swfttoi-Ostrow,  island  in  the  Caspian  Sea,  ozokeiit  deposits 72 

SWEDEN  {see,  also,  Ammeberg,  Eleva,  S&gmyia, 

Alvidaberg,  Koping,  Sala, 

Fahlun,  Kopparberg,  Stockholm, 

Gotbembourg,  Lysekil,  Stora-Kopparbcrg, 

Hogiinfts,  Malmohus,  Tnnaberg, 

Kalmar,  Orebro,  Upsaht) — 

CmaofiTUY  AKD  Pharmacy— 

exhibit, chemical 98.97 

pharmaceutical , . .   152, 153 

exhibitors,  number  of 7 

awards,  number  of 7 

condition  of  the  industry 96 

manufactures — 

aseptine,  for  preserving  cooked  food 152 

raw  meat ..,   152 

anatomical  preparations. 152 

potash 96 

saltpeter 96 

s^bastino  (explosive) 153 
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SWEDEN— Continued. 

CHEMIflTBY  AMD  PHABMACT— 

manofaotoreB— 
s^boatine— 

propertieaof 153 

Bulpharic  acid 96 

superphosphates 96 

production  and  consumption— 

aseptine 152 

boric  acid 162,153 

saltpeter 96 

contribution  exacted  by  govemment  from  producers 28 

B^bastine 153 

sulphuric  acid 96 

superphosphates 96 

products,  by-products,  materials— 
acids — 

boriD 162,153 

sulphuric 96,97 

lUbumen 152 

arbutus  uva  ursi 152 

aseptine 152 

charcoal,  irood 152,153 

c<^per,  sulphate 97 

creosote  oil •  162 

icthyocolla 153 

ink 153 

iron,  oxide 97 

sulphate 97 

malt,  extract 153 

nitru-glycerine 153 

perfumery 153 

potash 06 

pyrites 10,96,97 

saltpeter 28, 96 

s6bastine  (explosive) 153 

selenium 97 

aoap 153 

sulphur 10, 97 

sulphuric  acid 96, 97 

superphosphates 96 

tanning  material 152 

♦ar 152 

turpentine 152 

vinegar,  wood 152 

Clocks  and  Watches— 

exhibit 405 

Machinery  (including  tools,  implements,  appliances,  processes)— 
chemical — 

apparatus  for  distilling  spirits 265 

forestry — 

peat  making £63,264 

production  of 263 

metal-working — 
copper — 

smelting-works,  roUing-milla,  etc 265 

mining — 

of  a  primitive  character 266 

water-wheels 2(J6 

prospecting  implements :  magnetic  needle 266 

boring  apparatus ; 206 

competitive  trials  of '. 266 

disused 266 

Mbtal-Working — 

brass 265 
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SWE  DEN— Continued. 
Metal- Working— 

copper 285 

distilling  apparatus 285 

German  silver. 285 

silver-plating , 265 

MiNIKG  LVDUSTRnCS— 

report  on 26^288 

exhibit 281 

governmental  explanatory  pablications 282 

geological  formation 262,285,286 

coal 283 

inadequate  supply , 281 

obtained  by  importation 263 

yield 263 

copper 204,287 

occurrence 281 

ore  dressing 284,287 

extraction  processes 284 

smelting  in  blast  fbrnaces 281, 285 

yield 284,285 

metallurgical  establishments 265 

gold 265 

extraction  f!i om  copper  pyrites 285 

iron  and  steel 262,281 

memoir  on,  by  Professor  Akerraan 264 

peat 288,284 

yield 283 

manufacture  by  machinery 263,264 

usedto  genem  to  gas  for  Siemens  furnaces ' 264 

zinc 265,287 

occurrence,  as  Ueudo  285 

concentration 286 

yield 285 

prospecting  by  boring ..  263,288 

magnetic  needle 266 

minin  g  machinery  and  appliances 266 

operatives — 

number  employed  in  copper  works 284 

production  and  consomption — 

clay,  fire 263 

coal 171,225.263 

cobalt 265,287 

coke 268 

copper 262.264,265,287 

pyrites 265 

gold 265 

graphite 265 

iron 172,261,262,264 

pyrites 10,285 

ore 172,2^2,^ 

pig 172 

wrought 172 

lead .' 285 

mangauMe : 265 

nickel 265 

peat 263,264 

salt 261 

steel 172 

silver 2<B 

zinc 224,262,265,287 

exports — 

copper — 

to  Great  Britain 281 
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SWEDEN— Continiied. 

MiKIMO  lNDU8TBn»— 

exports — 
iron- 
to  RussU 261 

salt- 
to  RaesiA 261 

line — 

to  Great  Britain 224 

Imports — 
coal- 
Cram  Great  Britain 225 

Railway  Appabatub—    . 

exhibits '- 419,423 

passenger  cars 445 

BwEBKBY.  Akdrkw  J.,  Additional  Commissioner,  Rkport  ox  **  Stbam  and  Gas  Engines  " 3G3-387 

Swine  fattened  on  caraway  oil-cake,  in  Austria 11 

SWITZSBL AND  («M,  a2»o,  Aaran,  Geneva,  Sohaffliansen, 

Basle,  La  Plaino,  Uetikon, 

Bemu,  Mollis,  Winterthnr, 

Ecreoaes-Loole,  NenoMtel,  Znrioh)— 

Fleurier,  Rorschach, 

CHBlOfiTBY  AMD  PHABMACV— 

exhibit,  chemical — 97 

pharmaceutical 156, 156 

exhibitors,  number  of 7 

awards,  number  of —     7,8 

condition  of  the  industry 8, 07, 155 

difficulty  from  absence  of  coal 97 

chemical  materials — 07 

wianu  factnres— 

acids 97 

chlorine 53 

coloring  materials  from  anthracene . .  101-105, 155, 156 

copper,  sulphate  07 

manganese  oxide,  regeneration  of 97, 156 

polishing  materials,  artificial  diamonds 156 

salts 97 

soda 97 

sulphuric  acid 12, 97 

production  and  consumption — 

hydrochloric  acid 97 

iron,  liquor  (for  sUk  manufacture) 97 

sulphate 07 

lime,  chloride 97 

nitric  acid 97 

pyrites 0,07 

soda sn 

tin,  salts 07 

zinc,  chloride 07 

ftiel  used  in  manufiftoture — 

coiJ  (deposits  wanting) 07 

operatives- 
number  employed 07 

products,  by-products,  materials- 
acids  : 97 

anthroquino-disulphurous 103, 104 

monoBulphnrons 103,104 

hydrochloric 97,105 

hydrosulphurous .  105 

nitric 07,104 

sulphuric 07,102,103,105 

filming  (Nordhausen) 103 

alizarine 101,103,104 

alumina 105, 15(( 
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SWITZERLAND— Continued. 

ChKMIBTRT  and  PnARMACT— 

products,  by-products,  matoriftlw 

anthraoene 101,102,104 

anthraqoinone 108,103,106 

baryta 105 

benzine 104 

"boron  diamonds" 156 

caseinc 155 

ohromo    105 

sulphate 102 

coloring  preparations 101-1(^156,156 

copper,  sulphate • W 

diamantino,  for  polishing  j ewelry,  etc 156 

diamonds,  black,  artiflolal U6 

"boron" 166 

carbon,  artificial 166 

extracts  of  Alpine  plants 155 

glucose 106 

glue 156 

glycerine 106 

hydrochloric  acid 97, 105 

hydrosulphurous  acid 106 

iron  liquor,  for  silk  manofaotore W 

salts 106 

sulpliato W 

leather  dressing 56 

lime 106 

chloride W 

malt  prepan^ons   156 

manganese,  oxide 91 

regenerated 156 

nitrioaoid 97,104 

nitro-alizarine lOilOS 

petroleum  other  104 

potassa,  bichromate 101, 108 

chlorate 104 

sulphate 102 

quinone 102,108 

salts 97 

iron : 105 

tin 97,106 

soda 104 

anthroqnino-monosulphite MS 

carbonate 102 

canstio 104 

crystals 97 

lye        103 

sulphate 97, 108 

sulphur 9, 10 

sulphuric  acid  . 97,102,103,106 

faming  (Nordhausen) 108 

tin.salts 97,106 

zinc        105 

chloride 97 

Clocks  and  Watchkb— 

exhibit 406 

watches — 

collective  exhibit 403,406 

arranged  by  cities  and  cantons  406 

at  Centennial  Exhibition,  1876 410, 411 

not  uniformly  excellent 407 

not  made  by  machinery  («ee,  a{«o,  Mochio   ry,5«{ow) ; 4(W 

system  of  piecemeal  hand  manufacture  ..  406 
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SWITZERLAND— Continued. 

Clocks  and  Watches— 
watches — 

operatives — 

work  iKjrtbrmed  by 411 

opposed  to  new  methods 412 

trade  in,  ii\jiired  by  AmericMi  competition 410, 411 

exports — 

to  United  States 410,411 

declining 410, 411 

excellence  increased  by  trials  at  national  obserratories 412 

Machineby  (including  tools,  implements,  appliances,  ivocesses)— 
chemical — 

alizarine  coloring  preparatiouH — 

Bindschcdler  St.  Busch's  process 101-104, 105 

chlorine  manufacture— 

Jetzler's  apparatuH 53 

plan  exhibited 97 

sulphuric  acid  manufacture- 
pyrites  burners 12 

engines —     • 

horizontal  condensing  steam-engine :  Soci6t6  Suisse  pour  la  Construction  de  Loco- 
motives et  de  Macliines,  Winterthur,  exhibited 375, 37G 

illustration  of 376* 

compound  condensing  steam-engine :  Sulzer  Bros.,  Winterthur,  exhibited 377, 378 

illustration  of 378* 

watch-making — 

Uttleused 407,412 

imported  or  imitated  from  United  States 407,408 

disbelief  in 409,410.412 

opiKMed  by  operatives 412 

Jiiicnco— 

pyrites 9.10 

Railway  Apfaratub— 

exhibits '. 423 

TsxTiLB  Fabrics— 

dyeing  preparations,  alizarine,  etc 101-104, 105, 156 

silk- 
iron  liquor 97 

dressing  with  thao 127 

Sydney  (New  South  Wales,  Australia)- 
mining  industry — 

coal 242 

^yn^.  Island  of  (Greece) — 

deposits  of  manganese 54 

Taguilsk  (Ural  Mountains,  Russia)— 
mining  industry — 

platinum 250 

Tahiti  {ne  France:  colonies). 

Taillandier,  L.  A.  (Argenteuil,  France),  quinine 117 

Talbot  (Victoria,  Australia)— 
mining:  industry — 

le^ 245 

Talc  («M  Mining). 

Tallawong  (New  South  Wales,  Austialia) — 
mining  industry — 

coal  deposits 220 

gold  deposits 229 

Tamagawa,  K  (Miyo,  Japan),  opium 145 

Tambov.  Government  of  (Europt^an  Russia) — 
mining  industry — 

iron 258 

Tar  («ee  Chemistry;  aiw,  Forestry)- 

replaced  by  pitch  in  artificial  fuel 187 

Tariff  ($e€  Protective  legislation). 
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Taamania  {see  Great  Britain:  colonies). 
Tatti  (Italy)— 

lignite,  analysis  of iOT 

Taussig,  Gottlieb  (Vienna,  Anstria),  toilet  artidea Ill 

Tcbemiac  (France)— 

process  for  mannfacture  of  forro-cyanide  of  potaasiam 15^61,62 

reactions  involveci (0,(12 

Tclemark  (Norway)— 

mining — 

copper an 

Tennant  (Charles)  6c  Co.  (Saint  Rollox  Works,  Glasgow,  Scotland) — 

work  borate  mines  at  Sussnrbi,  Asia  Minor 50 

soda  products,  utilization  of  residues,  oxide  of  manganese,  solphnr,  etc 89^^ 

chlorine ; S3 

Tennessee  (tee  United  States). 

Teredo  unable  to  bore  timbers  from  the  eucalyptus 126 

Terek  department  (Caucasus,  Kussia; — 
mining  industry — 

lead 2S2 

silver IS 

Teruel,  Province  of  (Spain) — 
mining  industry — 

Ugnite 314 

Tessie  du  Motay,  CM.  (P:iris,  France),  bleaching  chemicals,  baiinm K 

Tetz,  R.  (Moscow,  Russia),  glycerine  capsules 150 

Texas  {ies  United  States). 

TEXTILE  FABRICS— 

bleaching  materials  52,81,85^80 

"Jarel  water" 81 

sodium  hydrosulphite 26 

dressing — 

thao ,  a  substitute  for  starohfgnm,  etc 127,145 

dyeing  materials — 

alcohol , IU6 

alizarine 100-108 

blue 106-108 

alum 106 

alumina 106 

Aluminium,  sulphate  (for  Turkey  red) 57,58 

anthrocine  {tee  alizarine). 

authraquiuone 101,102,103 

arsenic  acid 106 

baryta 105,106,108 

benzine 10il06 

calcium,  chloride 108 

chrome 102, 105»  106, 107 

chromium,  acetate 108 

dextrine .  107 

glucose , 105 

glycerine 105,106,107 

hydrochloric  acid .• 101,105 

hydroaulphurous  acid 105 

indigo 105,106,107,108 

iron 105,106,107 

lime 105,106,107.108 

madder 80,100,101 

displaced  by  alizarine 100, 101, 113 

magnesium,  chloride 108 

nickel,  oxide 106 

nitro-alizarine 104, 105 

nitrous  acid 104, 1(& 

potash   107 

potassium,  alizarate ^ 101 

ferro-cyanide 108 

saflfron 113,151,152,155 
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TEXTILE  FABRICS— Continued, 
dyeing  materialA— 

soap 100,107,108 

soda,  anthroquino-moDOsulphite 103 

caustic 104,107 

hyposulphite 107 

phosphate 107 

stannite 107 

sodium,  hydrosulphite 20 

starch 108 

strontia 100,108 

snlpholeio  acid 108 

snlphnrio  anhydride 23, 103 

acid... 101,102,103,105,100 

Aiming 23,103 

sulphurous  acid - .  25 

tin 105,100 

woad 113,152 

zinc 105,107 

cotton — 

alizarine-blue  dyes 1 07 

silk- 
dressing  with  thao 127 

iron  liquor 97 

woolen — 

borax  soap,  for  bleaching 100 

sodiimi  hydrosulphite,  for  printing 20 

Thaler,  Austrian  coin,  derivation  of  the  name 300 

Thames  River  (New  Zealand) — 

gold  mining 233 

Thnrsis  (Spain)— 

ancient  Roman  mining  n^mains 323 

Theiss  Railway  Company  (Ilungary) — 

locomotive  exhibited 441,442 

illustration    442* 

Th61en,  apparatus  for  evaporating  soda  lye 89,80 

Thermissia  (Greece) — 
chemical  industry- 
salt....: 91 

Thibault  ( France),  apparatus  for  the  manufacture  of  superphosphates 57 

Thirion  (France),  process  of  manufacturing  soda 51 

soda  sUioate  for  glass-making  ^...     ! 51 

Tholozan,  Dr.,  physician  to  the  Shah  of  Persia,  description  of  the  properties  of  henna 151 

Thomas  (L.)  d&  Co.  (Paris,  Franco),  "Jarel  water  "  for  bleaching,  gallium 81 

Thomas  (Seth)  Clock  Company  (New  York  City),  exhibit  of  clocks 405 

silver  medal  awarded 405 

Thomasset  &  Driot  (Paris,  France),  hair  belting .  401 

Thompson,  H.  A.,  his  writings  on  gold  deposits  in  Australia  qnotod 231 

Thomson,  Thomas  (Glasgow,  Scotland),  invented  manufacture  of  sulphuric  acid  from  pyrites 

(1835) 207 

Thorn,  experiments  in  oxalic  acid  manufacture 03 

Thresh  (England),  discoverer  of  capsaioine "    129 

Thnnberg  (Sweden),  peat- working  machine 204 

Thnringia  {$ee  Germany). 

Tiemann  (Berlin,  Germany),  investigation  of  coniferin,  process  of  making  artificial  vanilla 70, 71 

Tifilis.  Government  of  (Caucasus,  Russia) — 
mining  industry — 

copper 263 

Tildon&Co.  (New  York  City),  vegetable  drugs,  extracts,  pills 157 

Tilden  (William)  ^^  Stokes  (New  York  City),  varnishes 100 

Tilff  (Belgium)— 

mining  industry- 
rolling-mills 280 

Tin  (tee  Chemistry    alto,  Metal- working ;  alto.  Mining). 

Tissier,  F.  (Conquet^  Finistdre,  France),  iodine  made  from  sea- weed,  bromine,  etc 81, 82 
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Tisy,  ^.  (Paris,  France),  "  elixir  eupeptiqae   18 

Todd,  A.  M.  (Nottawa,  Mich.),  essential  oUt 159 

Toenioh  (Belgium) — 
mining  industry- 
iron  280 

Tokio  vJapan) — 

chemical  industry — 

beeswax 145 

vegetable  coloring  matters 145 

Tommasi,  Antonio  (Perugia,  Italj*),  asparagine 142 

Tomsk,  Government  of  (Siberia,  Bussia)— 
mining  industry- 
coal 258 

copper 2SB 

gold 248 

iron 257 

lead 2B 

silver 298 

Tonne  (=1,000  kilos.=2, 205  pounds),  definition  of 171 

Tools  (gee  Machinery). 

Torchon,  C.  (Paris,  France),  propylic  chloral,  animaLs  preserved  by  injected  chloral 120 

Toronto  (Canada) — 

chemical  industry 77,112 

Torregrosa  (Spain) — 
chemical  industry — 

soda  ash •• 

Torregrosa,  Count  de  (Torregrosa,  Spain),  soda  ash W 

Toula,  Government  of  (European  Russia) — 
mining  industry — 

iron 256 

coal 258 

Tramways  (see  Railways). 
Transbailcal,  Government  of  (Siberia,  Russia) — 
mining  industry — 

gold 249 

iron ffi7 

lead .■ 2S2 

silver 2S2 

Travancore  (British  India) — 
forestry- 
cinchona  cultivation 138 

Triest  (Austria) — 

chemical  industry 7! 

pills W 

soda 72 

Trinidad  (tee  Great  Britain :  colonies). 
Tromso  (Norway) — 
chemical  industry — 

cod  liver  oil •• IH 

Trond^jem  (Norway) — 
chemical  industry — 

cod-liver  oil U* 

potassa,  bichromate 96 

mining — 

copper 2tt 

Trouillet,  Auguste  (Paris,  France),  numbering-maohines,  for  notes,  tickets,  eto W 

T^am,  Chinese  mining  implement,  description  of 341 

Tuapeka  River  (New  Zealand) — 

gold  mining. 233 

Tufo  (Italy)— 

chemical  industry — 

sulphur —.......... 83 

Tiinaberg  (Sweden)— 
mining  indastry — 

cobalt — .— 2K 
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TUNIS— 

CHXMISTRT  AMD  PHARMACT— 

exhibit 152 

exhibitors,  number  of -. 7 

producta — 

anise 1S2 

carmway  seeds 162 

coriander 152 

cumin - 152 

fcenngreek 152 

henna 152 

pistachio  nuts  152 

Tonjoap  Monofacturing  Company  (Boston,  Mass.),  leather  dressing  from  petroleum  waste 160 

Tnrok,  suction-injectors  for  locomotives 432 

Turin  (Italy)— 

chemical  industry — 

ammonia,  sulphate 94 

iron,  acetate 94 

oxide 94 

sulphate  94 

magnesia,  sulphate 94 

soda,  sulphate 94 

sulphur ■ 92 

sulphuric  acid 92, 94 

mining  industry — 

iron 308 

Tiirk  (Nancy,  France),  ammonia-soda  manufacturing  process 44 

TURKESTAN— 
Mecikg — 

coal : 258 

bituminous •. 258 

lignite 258 

production 258 

TURKEY  {see,  aUo,  Constantinople). 
Mining  Industriks— 
imports — 

tin  from  Great  Britain 221 

zinc  from  Great  Britain 2S4 

exports — 

coal  to  Russia 261 

Tuscany  {see  Italy :  provinces). 

Tweddell,  R.  H.  (London,  England),  hydraulic  machinery 398 

Tyne  Alkali  Company  (Newcastle,  England),  soda,  potash,  satin  white  from  barium 90 

Tyrol  {see  Austria-Hungary :  provinces).  • 

Uckerath,  (Prussia,  Germany) — 
mining  industry — 

copper 287 

lead  287 

zinc  blende 287 

oro-dr©s«ing  works 287 

Udine  province  (Sicily,  Italy) — 

bituminous  coal  deposits  (imimportant) 307 

Ueberbachcr,  P.  (Bozen,  Tyrol,  Austria),  caraway  oil  and  liqueur,  honey,  butter,  tui-pentine, 

pitch 110 

Uetikon  (Switzerland)— 
chemical  indiiBtry — 

acid,  hydrochloric 97 

nitric  ^.  97 

sulphuric 97 

copper,  sulphate 97 

iron,  liquor  of,  used  in  silk  manufacture 97 

lime,  chloride 97 

salts 97 

soda.  '^ 
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UetikoD  (SwitzerloDd)— Continxied. 
chemical  iDdustry— 

sulphur 97 

tin  salts 97 

zinc,  chloride 97 

Uleaborg,  Government  of  (Finland,  Kussia) — 
mining  industry — 

gold 249 

♦  iron 257 

UNITED  STATES- 

Chemistby  and  Puabkaot— 

exhibit,  chemical 6  noU,  87-100 

pharmaceutical •. 156-16? 

inadequate • 7,8,97 

owing  to  tardy  action  of  Congress 1 .  7 

illiberal  appropriation  by  Congresa 8 

exhibitors,  number  of 7 

awards,  number  of 7 

proportionately  in  excess  of  other  countries 8 

condition  of  the  industry 8, 97, 98 

need  of  a  foreign  market 8 

excluded  from  France  by  protective  legisLttion 8 

undue  dependence  on  Europe 98,99 

points  of  manufacture 98 

manufactures — 

borax 98,99 

bromine 54, 55, 98 

destroyed  European  manufacture  from  kelp 54, 55 

takingthe  place  of  chlorine 99 

•'elegant  pharmacy*' 115,157,158 

saltpeter *. 99 

soda,  natural     33.08,99 

from  Greenland  cryolite. 33,98 

sulphuric  acid  10, 98 

free  from  arsenic 10 

products,  by-products,  materials — 

acid,  sulphuric 10, 98 

alkathrepta  (cacao  preparations) IGO 

alum 99 

ammonia,  sulphate 99,161 

amyl,  nitrate 157,161 

apoUofat 161,162 

axle-grease 159 

bark  extract,  for  tanning 160 

berberine,  hydrochlorate 100 

salts 157 

blacking 160 

bleaching  powder * 99 

borax 98,99,160,161 

bromine 54,55,98,99 

cacao 160 

camphor 9®,  161 

monobromide 99, 157, 161 

castor-oil 161 

chlorine 99 

cod-liver  oil 148 

colors   98 

coemoline 161,163 

oosmolubric I65 

•*elej;ant  pharmacy" Il2 

elixirs 158 

epsom  salts 99,161 

erigeron  oil 159 

extracts,  bark,  for  tanning 166 

\icorice-Toot 160 

vogetaVAe 15? 

glycennc 90,161 
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Chkmutbt  ahd  Puabmact— 

prodnota,  by-products,  materiaU— > 

gly  cyrrhisine. 1 60 

iron,  bromide 65 

dialysed 158 

jervia 160 

lead,  acetate 100,161 

leather  dreaaing 160 

licorice  root,  extract 160 

Inbricine 150 

mineral  waters 150 

mint,oU 150 

morphia 100,161 

oila 08 

caator 161 

cod-liTer 148 

eaaential 157,150 

erigeron 150 

orange-flowers 150 

peppermint 150 

petit;grain 150 

sassafras. 150 

spearmint 150 

tanzy 150 

wormwood 150 

flaxseed 162 

illuminating 160 

linseed 162 

lubricating 150,160 

apoUofat 161,162 

cosmoline 161, 162 

cosmolubric 1 62 

sewing-machine 150 

vaseline 161,162 

petroleum 08, 161 

peppermint  oil 150 

pepsin,  saccharated 158 

perfumes 08,116,160 

petit-grain,  oil  of 150 

petroleum 08,161 

pills 158,150 

sugar-coated t 157, 158 

plasters 1 60 

potash,  prussiate 00,161 

potaaaium,  bromide 100, 161 

iodide 100 

powdera,  bleaching 00 

mediciral 158 

pyritea 0,08 

quinia,  valerianate 100 

salti>eter 00,161 

salts,  berberine 157 

epsom 00, 161 

morphia 100, 161 

saasafras,  oil  of 150 

soap 08,160 

soda 08,00 

natural 33,00 

from  Greenland  cryolite 33,00 

spearmint,  oil  of 150 

strychnia 100, 161 

sulphur 10,08 

sulphuric  acid  . . ., 10, 08 

tannin;;,  extract  of  bark  for 160 

tanzy  oil •    150 

43  P  R — VOL  4 
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CHEM16TBT  AND  PHAUMACT— 

products,  by  •products,  materials- 
toilet  articles 100 

turpentine 151 

vanilla 67 

varnish IflO 

vaseline 161,182 

wormwood,  oil  of 150 

production  and  consumption — 

bleaching-powder tt 

borax 98,98 

bromine 54,S5^W 

chemicals 96 

colors , ^         98 

gas  and  by-products 98 

oils 96 

perfumes 98 

petroleum 98 

phamaceutical  products 98 

pyrites 9,98 

soap      .  98 

soda         * 33,98 

sulphur 9,98 

vanilla        - 68 

oxports— 

to  France,  prevented  by  her  protective  legislation 8 

borax   98 

bromine ...54t55|89 

saltpeter  to  Bussia 28,98 

imports — 

bleaching-povrder-from  Great  Britain 98 

chemical  apparatus — 

sulphuric  acid  concentrator  from  France 20 

cod-liver  oil  from  Norway 148 

cryolite  from  Greenland    33,98 

perfumes  from  Franco 116 

soda  from  Great  Britain 98 

sulphur  from  Sicily 9,98 

wines  from  Portugal 150 

Clocks  and  Watodes— 

exhibits.. 105 

awardsto   166 

clocks- 
exhibits  of 166 

pneumatic  clock 405^  466 

watches- 
exhibits  406, 406;  407, 411 

watch  cases 405 

machine  system  of  manuCactnre  {see,  alto^  Machinery,  bdow)    40M1] 

description  o^  in  Judges'  Beports  of  the  Centennial  Exhibition,  referred  to        409 

peculiar  to  United  States 408 

origin  and  growth  of 409^411 

advantages  of— 

interchangeable  parts 408,409,410 

superior  workmanship 408, 408, 411, 412 

cheapness 408, 410, 4U 

increased  production 411 

operatives  employed 408, 411 

imitated,  on  a  small  scale,  in  France 408,408,412 

Switzerland 406,400,412 

Woerd's  compensathig  balance 412^414 

micrometer 414 

importa— 

fromawlUct\an(3Li\>eloT«i\«50\ 410 

OAmVnNi^Q^ 416 
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CijOCKB  and  Watchk»— 


exports — 

to  Australia 410 

Great  Britain 410 

India 410 

need  of  national  observatories 41S 

industry  stimulated  by  international  exhibitions 414,416 

FOEBST^T— 

turpentine 180 

bark  extract,  for  tanning IfiO 


soda,  carbonate  417 

Maghinbbt  (including  tools,  implements,  appliances,  processes) — 

exhibit  inadequate 3M 

englnea— 

American  patterns  imitated  in  Europe 866, 306, 867, 3C8, 872, 877, 380 

automatic  cut-off  steam  engine :  Jerome  Wheelock,  Worcester.  Mass.,exhibited.  .368, 360-371 

iUustrations  of 370*.  87f 

operated  machinery  in  sections  of  Nor wray,  Sweden,  United  States 300 

awarded  a  grand  prize 360 

locomotives  (sm  Railway  Apparatus), 
machine  tools— 

planers  of  W.  Sellers  k,  Co.,  Philadelphia,  Pa.,  unintelligent  imitation  of,  in  France.         395 

emery-wheels :  Brown  k,  Sliarpe  Manufacturing  Company,  Providence,  R.  I 397 

small  tools:  gear-cutters,  taps,  roamers,  drills,  rules,  gages,  etc  897 

molding-machine  for  foundries :  Ailcen  &  Drummond,  Louisville,  Ky 807, 398 

metal-working— 
pyrites— 

Plattner  chlorination  process 286 

silver — 

Luce  St.  Rosan  (French)  concentrating  process  187 

mining — 

no  exhibit  of 236 

ore  and  stone  crusher:  Blake  Crusher  Company,  New  Haven, Conn.,  model  ex- 
hibited          88S 

alleged  "  improvem^its"  upon,  in  Europe SOB 

ujBed  in  Austria 308 

stamp-batteries 298,290 

watch-making— 

notexhibited 406,406 

exhibit  of;  at  Centennial  Exhibition,  1876 406 

description  of;  in  Reports  of  Centennial  Exhibition,  referred  to 400 

produces  intemhangeable  parte 408, 400 

superior  work , 4  08, 409, 411 

cheaper  work 408k  411 

greater  quantity 4tt 

originally  employed  by  Boston  Watch  Company 409 

used  by  American  Watch  Company,  Woltham,  Mass 409-411 

imitated  or  imported  in  France 408,409.412 

Switzerhmd 408,409,412 


roport  limited  to  bullion  production 846 

paper  on  "The  Production  of  the  Precious  Metals  in  tbe  United  States,"  by  Dr. 

Adolph  Soetbeer,  translated  and  quoted  345-901 

[Note.— 7Ae  gold  and  tUver  produetion  of  the  UniUd  Statet  i§  indexed  in  detail 
below,  under  the  HUee  qf  the  producing  Statee  and  Territoriee,  viz  : 
Alabama,  Idaho,  Tennessee, 

Arizona,  Montana,  Utah, 

California,  New  Mexico,  Virginia, 

Colorado,  North  Carolina,  Wasliington  Territory, 

Dakota,  Oregon,  Wyoming.) 

Georgia,  South  Carolina, 
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MiNINQ— 

prodactioD  and  consumption- 
coal 171,215 

copper 175,213,222 

gold 173,197,234,345-361 

iron 172,189.309 

ore 172 

pig 172 

wronght 172 

lead 172,205,213,214,222,335 

peat 264 

petroleum 244 

pyrites '. 9,98,235 

*'  quicksilver 354,355,336 

silver 178,203,234,345-361 

'  steel 172 

sulphur 9,  ?« 

tin 212,221 

zinc 173,224 

exports — 
copper — 

to  France 173 

gold 346,347,840,350,355 

from  San  Francisco 848,847,348,340,350,355 

via  Panama 348,330 

to  China 348,350 

»^  Japan 350 

.  New  York 330 

lead- 
to  Great  Britain  203 

petroleum — 

to  Australia 244 

silver 347,358 

imports — 

coal — 

from  Great  Britain ..215,225 

copper— 

fr*om  Great  Britain 213,222 

gold— 

from  British  Columbia 347,340.353,354 

Mexico ...847,340,353.354 

iron — 

•  from  Algeria 189 

Elba 309 

lead— 

frt)m  Great  Britain 205^213,214,223 

tin — 

from  Great  Britain 221 

• » •. 

zinc — 

from  Great  Britain. 224 

.    Railways  (including  apparatus,  material,  fixtures,  etc.) — 

'exhibit 410,445.468,489 

'     •       •  •     inadequate 468,449 

extent  of 421 

differences  in  construction  and  a^dministration  frt)m  European  railways. . ; 421, 42^  445,469 

fetreet-railway  cars- 
designs  imitated  in  Europe 450, 461 

Exhibits 461 

motors  for 463 

brakes — 

Westinghousl)  air-brake 460, 467, 469 

used  in  Belgium 467 

France 446.467 

Germany 467 

GTCiait  Britain 467 

on  CeuilwT^  IlaSV^vw^  «X\Xx«>'E»T^%VVaaa 467 


•1 


INDEX.  677 

Page. 
UNITED  STATES— Continued. 
Railwatb— 

oar- wheels,  exhibited 4TO 

looomotive:  Philadelphia  and  Reading  Railroad  Company,  exhibited 409 

sleepiug-car,  Pullman's,  exhibited 447, 449, 469 

Tkxtilb  Fabrics—  , 

woolen — 

borax  aoap  used  in  bleaching 1 60 

ALABAMA— 

gold 846 

production,  1804-'50 346 

ARIZONA— 
MuriKG — 

production — 

of  gold  not  distinguishable  from  aUver 347 

gold  and  sUver,  1868-75 351,352 

1876-'77 363 

total  product 354 

silver,  1876 360 

abundant  water  supply 356 

CALIFORNIA  (•««,  aiso,  San  Francisco)- 

papermoney  not  circulated:  specie  the  only  medium 348 

Hiking — 

gold 346-361 

fineness  compared  with  Australian 231 

standard 348 

diaoovery  of 346 

the  principal  yield 855 

hydraulic  washing 349,366,856 

imitated  in  New  Zealand 333 

loss  of,  in  quartz-stamping 335 

imi>ortanoe  of  water  sapply 229, 356 

pyrites— 

Plottner  chlorination  process 235 

quicksilver 354, 865 

used  in  milling  silver  ores 354 

price 364*355 

silver — 

stamp  batteries  used  in  Austria 208, 299 

production — 

difficulty  of  estimating 346,348 

methods  of  estimating 358,359,360 

of  gold  indistinguishable  from  silver 347 

gold  and  silver,  1868-75 351,352 

1870-77 353 

total  product 354 

exports  fit>m  San  Francisco   346, 347, 348, 349, 350, 356 

via  Panama 348, 350 

to  China 348,350 

Japan 350 

New  York 350 

gold,  decrease  in 348,349,354 

quicksilver 354,355 

silver 360 

operatives — 

Chinese  as 349 

wages 349 

COLORADO— 
MnnNO— 

production — 

of  gold  indistinguishable  from  silver 34© 

gold  and  silver,  1868-75 351,352 

1876-77 353 

total  product 354 
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COLOBADO- 

MlNDi*0— 

prodnotion— 

proportion  of  gold  totilTer 85 

silver W 

abundant  water  supply 8W 

CONNECTICUT  (9ee  Ansonia,  Lime  Bock). 
DAKOTA— 
Mdomo— 

production — 

gold  and  silver 353,1(4 

abundant  water  supply tS6 

GEOBGIA— 
IfonxG — 

gold 346 

production 146 

IDAHO— 

MiKIKO— 

production— 

of  gold  not  disLinguishable  from  silver 317 

gold  and  silver,  1868-75 351.383 

187«>-'77 SSI 

totalproduot M 

silver SH 

water  supply  abundant 181 

KENT  UC  K Y  («e«  Louisville) . 
LOUISIANA,  {$€€,  alto.  Now  Orleai.s)— 

FOBB8TBY— 

turpentine 181 

MABYLAND^ 

CHBM18TBT  AND  PHABMACT— 

sassafras,  oil  of 1S3 

MASSACHUSETTS  {tee,  alto,  Boston.  Boxbury,  Waltham,  Worcester)- 
Watch-makdtg — 

machine  system  of  manuCacturo 406-411 

origin  and  growth  of 400;  4U 

description  of  works  at  Waltham,  m  Judges'  Beports,  Centennial  Exhibition, 

referred  to 400 

operatives  employed 400^411 

MICHIGAN  («M  Centreville,  Nottawa). 
MONTANA- 
MIKING —  • 
production — 

of  gold  not  distinguishable  from  silver 347 

gold  and  silver,  1808-75 SSL  353 

187ft-77 383 

totalproduot 1 354 

silver,  1876 SOD 

dependent  on  water  supply ISO 

NEVADA  (M0,  aUo,  Comstock  Lode,  Eureka) — 
Mining — 

production — 

of  gold  not  distingu  ishable  from  silver 347 

gold  and  silver,  1868-75 851.  SSZ 

187ft-'77 SI 

totalproduot S4 

ComstockLode 3S5 

gold,  1871-76 360 

silver 354,387 

1871-76 Seo 

metho<l  of  estimating 358,350 

Luce  &  Bosan  process  of  concentrating  silver \jb 

water  supply  abundant 3S0 
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NEW  MEXICO— 

IfiMNG — 

production — 

of  ffolil  not  diatingaishable  from  silTer 847 

gold  and  «Uver,  180a-75 851.3S2 

1870-77 853 

total  product 854 

gold  the  principal  y  i<dd 856 

ailver 860 

dfp«'ndent  on  water  anpply 356 

NEW  YORK  (*M  Brooklyn,  Buffldo,  Long  Inland  City,  Lyona,  New  York  City,  Phelps). 
NORTH  CAROLINA— 
MrniNO — 

gold 846 

prodaotion 1 846 

OHIO- 

CHEMI8TRT  AND  PHABMACT— 

bromine 55.08 

OREGON— 
Mixing — 

prodnotion— 

of  gold  indiatinguishable  from  ailver 347 

gold  and  ailver,  1868-75 1 861,362 

1876-77 858 

total  product 864 

abnndant  water  supply 356 

PENNSYLVAXL^  (fM.  aUo,  Phihidelphia)— 
Chkmihtuy  and  Pbarmact— 

bromine 55 

soda,  fVom  Greenland  cr>'olite W 

RHODE  ISDAND  (im Providence).* 
SOUTH  CAROLINA- 
MINING — 

gold 846 

priMluction,  1804-'50 846 

TENNESSEE- 
MINING — 

gold 846 

production,  1804-'50 846 

UTAH- 
MINING — 

production — 

of  gold  indistinguishable  ftom  sUver 847 

gold  and  silver,  1870-76 861,362,354 

1876-'77 858 

total  product 864 

chiefly  silvor  from  lead .' 856 

gold,  1874 856 

silver,  1870 860 

abundant  water  supply 866 

VIRGINIA  («e0,  alto,  Burkeville,  Well- Water). 

CnZMISTItY  AND  PHARMACT— 

sassafras,  oil  of 169 

Mining— 

gold 846 

production,  1804-*50 846 

WASHINGTON  TERRITORY— 
Mining— 

production — 

of  gold  not  distinguishable  fh>m  silver 347 

gold  and  sttver,  1868-75 851,852 

1875-76 853 

total  product 854 

abundant  water  supply    856 
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WEST  VIEGINIA— 

Chrmibtbt  asd  Pbabmact-> 

bromine 55 

WYOMING— 

Mining  and  Mbtallurgt— 

natural  soda  deposits 33 

production — 

of  gold  indistinguishable  from  silver 847 

gold  and  silver,  186&-'75 351,852 

1876-'77 ass 

totalproduct 354 

United  States  Congress- 
inadequate  provision  for  the  Exposition 7,8 

occasioned  inadequate  representation  of  the  country 7, 8, 891, 468;  49 

United  States  Department  of  Agriculture  ( Washington,  D.  O. ),  essential  oils 158 

a\rard8  to  exhibits  by 1<B 

Universal  Exhibition  {$ee  International  Exhibition). 
Upsala  (Sweden) — 

Chemical  industry — 

aseptine 152 

boricacid   152,158 

Ural  Mountains  (Russia) — 

mining  industry 247 

iron 247,257 

gold 249,250 

vein  mining 249; 250 

nickel 254 

platinum 250,251 

sOvcr 2Sl 

Uranium  (see  Chemistry ;  €Uio,  Mining). 
URUGUAY- 
CHEMICAL  exhibit 156 

Usines  des  Moulins  (Ghent,  Belgium),  soda,  acids,  beneine,  etc 76 

Utah  (see  United  States). 

Yal  di  Ledro  (Tyrol,  Austria)— 
chemical  industry — 

magnesia 75 

Vale  of  Clwydd  (New  South  Wales,  Australia)— 
mining  industry — 

coal ^ 243 

Valentin-Cocq  (Belgium)- 
mining  industry — 

sino .........V 286 

furnaces 286 

sine-white  works 286 

colliery 286 

Valentine,  method  of  producing  ferro-cyanide 00 

Valentine,  superintendent  of  Wells,  Fargo,  Sc  Co.'s  Express,  estimate  of  bullion  shipments  from 

Rocky  Mountain  mining  regions 860, 358, 868 

Valeri,  R  (Vicenza,  Italy),  castor-oil 148 

Vallengo  (Portugal) — 
mining  industry- 
coal,  anthracite  820 

Van  Diemen's  Land  («e«  Great  Britain :  colonies:  Tasmania). 
Varon6ga  (Russia)— 
chemical  industry — 

essential  oils,  anise 108 

mint ISO 

Varrall,  Elwell,  &  Middleton  (Paris,  France),  planing-machines 394,886 

Vauquelln,  L.  N.  (Paris,  Franco),  extraction  of  potassium  salts  ftom  suint  of  raw  wool 29 

Vedrin  (Belgium) — 
mining  industry' — 

iron - 278 
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Vena  dalce,  Bisoayan  iton  ore,  red  hematite,  definition  of 316 

analysis  of 317 

Venetia  («m  Italy:  provincee). 
VENEZUELA— 

Ohkmistry  and  Pharmacy— 

exhibit 154 

condition  of  the  industry 154 

products— 

caoutchouc 164 

cedar,  resin 154 

ceradilla 154 

cinchona  bark 154 

cochineal 154 

copaiba 154 

dye  stuffs 154 

sarsaparilla 154 

simarouba 154 

tanning-materials  . 164 

tonqua  beans 154 

Railways— 

Fairlie's  (English)  double-boiler  narrow-gage  looomotiyes  used  on 462*,  463 

Venezuehm  Government  BaUway,   Fairlie's  (English)  double-bogie  narrow-gage  locomotive 

used  on 453, 454 

illustration  of 452* 

Verangeville-Dombasle  (France) — 
chemical  industry- 
soda  40,81 

calcium,  chloride  81 

Vermilion  (§ee  Chemistry ;  alao.  Mining). 
Verona  (Italy)— 

lignite  deposits 3(ff 

Verxjl  (G.  G.)  &  Co.  (Wilsele,  Belgium),  saltpeter,  soda 76 

VestQord  (Norway)— 
fishery — 

cod 146,147 

VeEin  (Belgium)— 
mining  industry — 

iron 279 

Viatka,  Government  of  (European  Russia)- 
mining  industry — 

copper  253 

iron 256 

Viborg,  Government  of  (Finland,  Russia)— 
mining  industry- 
iron 257 

tin 247.253,254 

Vicenxa  (Italy)— 

chemical  industry — 

castor-oil 142 

mining — 

lignite 307 

Victoria  («M  Great  Britain:  colonies:  Australia). 

'•Victorian  Year  Book  "cited 238 

Vieille-Hontagne  («m  Soci6t6  Anonymc  des  Mines  et  Fonderies  de  Zinc  de  la  Vieille-Montagne, 

Lidge,  Belgium). 
Vienna  (Austria) — 

chmnloal  industry 1 03 

ammonia 75 

camphor Ill 

cinnabar 75 

essential  oils 109 

extracts 109 

fruit  essences 109 

gelatine  preparations 108^109,111 

mercury 76 
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rage. 
Vienna  (Austria) — Continued, 
chemical  indnstry— 

osokerit .^ 72 

paraffine 72 

perfomery,  toilet  articles 108^111 

potash,  pmssiate 73 

prepared  herbs 100 

saltpeter 75 

soap 108^111 

sulphuric  acid 71 

tartsrio  acid 64 

uranium 75 

vanadium 75 

gas  works,  ammonia  produced  from  the  waste  of ., 75 

machinery  manufacture — 

steam  engines 372, 373*,  374*,  875 

mUwi^  apparatus  manufactured — 

passenger  cars  428 

freightcars 428 

locomotives 428 

Polytechnic  School- 
tests  of  steel  boiler  plates  made  at 441 

Vienna  Exposition  dee  International  Exhibitions). 
Vienne  (Is&re,  France) — 

machinery  manufactured — 

paper- working  machines 382 

Villa  Real  (Portugal)— 

mineral  waters 149 

Villach  (Carinthia,  Austria)— 
mining  industry- 
lead 288 

Villevert  (France),  engineer  and  r<iilway  constructor,  essay  on  cheap  railways  reftored  to  ... .         426 

views  of  gage  of  railways 454 

Ville-en-Waret  (Belgium)— 
mining  industry- 
iron 278 

Vilna,  Government  of  (European  Russia)— 
mining  industry — 

iron 856 

Vilvorde  (Belgium)— 
chemical  industry- 
soda  44 

Vincent,  C.  (France),  method  of  distilling  potash  from  beet-root  sugar  residuum 80 

soda  manufocturing  process 50 

Vineyards  in  France,  devastated  by  the  phylloxera 78 

(See,  alto,  Agriculture ;  aUo,  Phylloxera.) 
Virginia  (we  United  States). 
Vivies  ( Aveyron,  France)^ 
mining  industry — 

furnaces ' 887 

Vlaanderen,  Dr.  C.  L.,  constructor  of  fixmace  for  reducing  tin  ore 342 

analysis  of  Banca  (Dutch  East  Indies)  tin 343 

Vladimir,  Government  of  (Enropean  Russia)— 
mining  industry- 
iron 

Volhynie,  Government  of  (European  Russia) — 
mining  industry — 

iron  — 

Vologda,  Government  of  (European  Rnsnin)- 
mining  industry- 

iron fH 

Voralberg  (Tyrol,  Austria)— 
chemical  industry — 

sulphuric  acid ji 

Vorstcr,  writings  on  lYio  G\oveir's  tower 1711 
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Yalcano,  Island  of  (Italy) — 
chemical  industry — 

boracioacid 09 

mining  industry — 

borates 59 

Waag  (A.)  A.  B.  Repmann  (Doabovka,  Russia),  etherial  oils  of  mnstard  and  peppermint 150 

Wagenmann,  Seybel,  Sc  Co.  (jLiesing,  Vienna,  Austria),  cliemical  products,  sulphuric,  nitric,  tar- 
taric acids,  etc 74,75 

Wagner,  method  of  manufacturing  nitric  aoid  M 

Wales,  Welsh  (tu  Great  Britain). 

Walker,  furnace  for  burning  pyritcH 12 

Wallace  Bros.  (Statesville,  N.  C.),  plants,  herbs,  flowers 102 

Wallaroo  (South  Australia)— 
mining  industry' — 

copper 239 

Walleimwang  (New  South  Wales,  Australia) — 
mining  industry- 
coal 242 

Walters  ((3«rmany),  method  of  manufacturing  snlphnric  anhydride 25 

Waltham«  Mass.— 
manufactures — 

machine-made  watches 405,406,411,412-414 

system  of  manufacture  by  macliinery 408 

economy  of 408 

advantage  of  interchangeable  parts 408 

production  of  watches  and  parts 400,410,411,414,415 

exports  to  Australia 410- 

Great  Britain 410 

India 410 

operatives  employed '. 409 

description  of  works  of  American  Watch  Company  in  reports  on  the  Centennial  Ex- 
hibition referred  to 409 

Walx,methodof  manufacturing  nitric  acid 2« 

Wander,  Dr.  G.  (Berne,  Sivitzerland),  preparations  of  malt 150 

Wardrecques  (France) — 
chemical  industry — 

salts  from  residues  of  alcohol  manufacture 83 

potash,  carbonate 83 

Wargonnine,  E.  (Saint  Petersburg,  Russia),  acids,  sulphates,  salts,  general  chemicals . .  06 

Warner  (William  R.)  &  Co.  (Philadelphia,  Pa.),  sugar-coated  pills  and  granules 157, 158 

Wars- 
Greece,  Peloponnesian  War.  431-404  6.  C. — 

revolt  of  15,000  slave  miners  at  Laorium,  and  suspension  of  the  mines 386 

in  ancient  Gaul  and  medieeval  France — 

« 

checked  mining  industry 174 

Thirty  Years'  War,  161&-'48— 

int-ermpted  mining  in  France 174 

Bohemia 300 

Greece,  chronic  modem  wars — 

combined  withmismle  to  repress  mining  industry 339 

France-Germany,  1870-71 — 

transfer  of  Alsace-Loraine  from  France  to  Germany 176, 424 

damaged  iron  industry  in  France 178 

Spain,  Carlist  War,  1872-75— 

checked  mining  induntry  in  Spain 190, 316 

stimulated  mininp;  industry  in  Algeria '. 100 

Russia-Turkey,  1877-78— 

occasioned  export  of  saltpeter  from  United  States  to  Europe 28,99 

Warsaw  (Russia)— 
chemical  industry- 
acid,  chromic 06 

magnesia,  carbonate 96 

sulphate 96 
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Piga 
Warsaw  (Rassixi) — Continned. 
chemical  industry — 

pharmaceutical  pTodncts UO 

saltpeter 96 

Washixigton  Chemical  Company  (Newcastle,  England),  carbonate  of  magnesia 91 

Washington  Territory  (tee  United  States). 
Washoe  (Nevada) — 
mining  industry — 

silver 364 

Watches  (tee  Clocks  and  Watches). 
Water  supply  in  mining  (tee  Mining). 

Way,  J.  T.,  methoil  of  manufacturing  superphosphates 57 

Weldon,  Walter  (Blairstow,  England)— 

soda  manufacturing  process •. 51 

chlorine  manufacturing  process,  regeneration  of  oxide  of  manganese 52,53,90 

apparatus  usedin  France 53,78,79,80,84 

model  of  apparatus  exhibited 90 

products  exhibited 90 

Welkenraedt  (Belgium)— 
mining  industry — 

calamine 286 

lead 286 

zinc  blende 280 

calcining  furnaces 286 

ore-dressing  works 286 

Wellesley  («e«  Gi'eat  Britain :  colonies:  Straits  Settlements). 

Wells,  Fargo,  &,  Co.  (San  Francisco,  etc.),  statements  of  bullion  shipped  trom  Rocky  Monntain 

mining  regions ' 346,350,353,854,356,356 

Well  Water,  Va.— 

chemical  industry — 

oil  of  sassafras 159 

Welwam  (Bohemia,  Austria), 
chemical  industry — 

soda .- 78 

Werner  &Hall6  (Warsaw,  Russia),  magnesia,  saltpeter,  chromic  acid 96 

Western  Australia  (tee  Great  Britain :  colonics:  Australia). 
Western  Railway  Company  of  France — 

exhibit  by 431,432 

locomotives  and  tenders 43M35 

illustrations  of 432*.  434* 

steel  rails 420 

Westinghoose  air-brake 487 

first-class  passenger  coach 446-447,467 

Illustration  of 446* 

Westinghouse  Air-Brake  Company  (Pittsburgh,  Pa.) — 

aufomatio  brakes  exhibited 488, 407. 469 

brakes  used  in  Bel  gium 467 

France 448,467 

(]^rmany 487 

Great  Britain 467 

United  States ^ 487 

Westland  province  (New  Zealand)— 

gold  mining 283 

Westphalia  (see  Germany). 

West  Virginia  (see  United  States). 

Wheat,  increased  price  of,  in  Great  Britain 198 

Wheelock,  Jerome  (Worcester,  Mass.)— 

automatic  cut-off  steam  engine 808, 388-371 

f^uroisbed  power  to  American,  Norwegian,  and  Swedish  sections  of  the  Exposition 

awarded  grand  prize 

sectional  view  of  cylinder 370i« 

side  view  of  cylinder    370* 

view  of  valves 3r7i* 

White  (Charles  T.)  &  Co.  C  ew  York  City),  morphia,  strychnia,  i>ota88a,  quinia loo,  161 

Whitney  (A.)  feSons  (Philadelphia,  Pa.),  cast-iron  car-wheels 4^9 
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Whitney,  J.D.  Mb ''HeUUic  Wealth  of  the  United  States"  cited 845.-346 

Whitworth  (Sir  Joseph)  ic  Co.  (Manchester,  England)— 

tools,  hydrauUo  testing^machin^,  measoring-maohines,  lathes,  gages 306 

shaping-maohineis  qnlok-retom  motion  on 894 

manu  (ac  tures  in  steel 420 

Widnes  (England)— 
chemical  indostry — 

lime,  chloride 89 

soda 44 

black*  ash 89 

caustic - 89 

sulphate 89,90 

apparatus  for 90 

mining  industry — 

copper  extraction  firom  pyrites 204 

Wieslooh  (Baden,  Germany) — 
mining  industry  — 

calamine 287 

ore-dressing  works 287 

Wilkinson,  C.  S.,  govemment  geologist,  New  South  Wales- 
writings  on  gold  deposits  in  Australia  cited 220 

his  "Annual  Report  of  the  Department  of  Mines,  New  South  Wales,  1875" 230 

writings  on  tin  production,  Australia 239 

coal  formations,  Aust  ralia .' 241 ,  243 

Willemite,  anhydrous  silicate  of  zinc,  definition  of 282, 290 

Wilsele  (Belgium)— 
chemical  industry— 

soda •  76 

saltpeter 76 

Wine  («M  Agriculture ;  also,  Chemistry:  products). 

Winkler,  Professor  (Freiberg,  Germany),  process  of  raannf  ictnring  fuming  sulphuric  acid 24, 54 

Winterthur  (Switzerland)— 
machinery  manufacture — 

steam-engines 375*,  376, 377, 378* 

Wisconsin  (see  United  States). 

Woad,  dye-stuff,  grown  in  France 113 

Woerd,  Charles  Vander,  mechanical  superintendent  of  the  American  Watch  Company  (Wal- 

tham,MasB.) 412 

bronze  medal  awarded  to  as  collaborator 405,412 

compensating  balance  invented  by .412-414 

Wolf  Bros.  &  Keech  (Centreville,  Mich.),  essential  oils 159 

Wollaston,  Wm.  Hyde  (London,  England),  process  of  manufacturing  platinum 04 

Wolleston,  process  of  extracting  iodine  from  kelp 5C 

Wood,  quinologist  for  the  Sikkim  pla  utations,  British  India 139 

method  of  quinine  manufacture  ' 139 

Woolf  (England),  steam  engine 371, 378 

Woolwich  (England) — 
Royal  Arsenal — 

experiments  with  coal  f^m  New  South  Wales  242 

WiTccster,  Mass. — 

machinery  manufacture — 

steam-engines 369, 370*,  871 

World's  Fairs  (see  International  Exhibitions). 
Worsetz  (Hungary)— 
chemical  industry — 

fish  glue 144 

tartar 144 

tinctorial  substances 144 

Wnlff,  H.  A.,  director  of  Agricultural  School  of  Applerum  (Kalmar,  Sweden),  products  from 

the  distillation  of  wood 152 

Wiirbrnthal  (Silesia,  Austria), 
chemical  industry — 

sulphuric  acid 73 

Wurtemborg,  Kingdom  of  (see  Germany). 

Wyeih  (John)  &,  Bro.  (Philadelphia,  Pa.},  elixirs,  compressed  powders,  dialyzed  iron,  pepsin..  158 
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Puge. 
Wynaad  (British  India)— 
forestry— 

cinchonft  cultivation  Itt 

Wyndham  (F.)  4&  Co.  (London,  England),  "  spirit  of  eggi  *' Ul 

Wyoming  {$ee  United  States). 

Yelaboug  (Russia) — 
chemical  industry — 

acid,  Bolpharic 96 

alam 95 

copper,  sulphate 96 

iron,  chromate 96 

potash,  chromate 95 

Yorkshire  (England) — 
mining  industry — 

iron  production 199 

Young  (D.M.)  SlCo.  (Boston,  Mass.),  extract  of  hark  for  tanning 160 

Zaccar  (Algiers,  Algeria)— 

iron  mines 189 

Zampari,  F.  (Altarilla,  Italy),  sulnhnr 96 

Zante  (Greeco) — 

chemical  industry — 

salt „ 91 

Z6phyria  (Greece) — 
chemical  industry — 

alum •. ^ ^ , 91 

Zillthal  (Austria)— 

lignite  deposits 

Zinc  («M  Mining). 
Zinnwald  (Bohemia,  Austria)- 
mining  industry — 

tin 

Zurich  (Switzerland) — 
chemical  industry — 

coloring-matter,  succedanenm  for  oil  in  turkey-red  dye 166 

ZwoUe  (Nethorlsnds) — 
chemical  industry — 

ammonia,  sulphate 9t 

superpho  spli  at  es 9t 
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